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OREGENAL ARDICiES- 


—>___ 
I.—Microscoric Srrucrure or Irish Granirss. 
No. 2. GRANITE oF AILLEMORE, Co. Mayo. 
By Prof. Eowarp Hutt, M.A., F.R.S., President R.G.S.I. 
(PLATE I.) 
[Read before the Royal Geological Society of Ireland, 11th November, 1873.] 


HIS granite forms an isolated mass, rising into two eminences a 
few miles south of Louisburg, called Corvock Brack (1287 feet) 
and Knockaskeheen (1288 feet). It is a greyish granite—generally 
fine-grained—consisting of quartz, two felspars,—one orthoclase, the 
other triclinic, probably oligoclase—and dark green mica. In some 
places there are patches in which the felspar assumes the appearance 
of “‘graphic granite.’”” Numerous boulders of this granite are strewn 
over the district to the north-west, and on the south side of Knock- 
askeheen ; the rock is traversed by regular joints ranging N. 10 W., 
along which it splits off into nearly vertical walls. The position of 
the granite is shown on Griffith’s Geological Map of Ireland, and it 
is surrounded by schistose beds, generally metamorphosed, and pro- 
bably of Lower Silurian age. The granite itself is of older date than 
the Upper Llandovery beds, which lie to the southward. 

Microscopic Slice.—The thin slice prepared by Mr. Jordan, of the 
Mining Record Office in London, shows the general structure of 
the granite extremely well. With the 2-inch object-glass, and under 
polarized light, its constituents are brought out in their relative 
proportions ; the most abundant mineral being orthoclase, next silica, 
then the triclinic felspar, then mica, and lastly magnetite. I shall 
now describe these minerals in the order above stated. 

Orthoclase.— In the section this felspar is often clouded and 
structureless, but is occasionally crystallized out into nearly perfect 
crystals, in which the angle of 90° between the sides may be 
frequently observed. But besides these there are several examples 
of the “‘cross-banded” felspar, similar to that described and figured 
in my paper on the granite of Firbogh. These come out under 
polarized light, the bands crossing each other at angles approaching 
90°. In one or two instances the banding takes a wavy form, and 
is only in one direction (Fig. 4). These various forms of this 
peculiar structure I regard as being characteristic of orthoclase, and 
I showed in my former paper on the Firbogh granite that they 
were due to a cellular structure along planes crossing each other 
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at various angles corresponding with the planes of cleavage. The 
cases here observed are also referable to the same cause; but the 
cellular structure is scarcely so regular and well defined as in the 
case above referred to. 

Triclinic Felspar (Oligoclase ?).—The fine parallel lines charac- 
teristic of the triclinic felspars are observable in several instances, 
and are well brought out by polarized light. .The crystals, however, 
are not nearly so numerous, nor are their forms so well defined as in 
the case of the orthoclase ; sometimes, indeed, there is no crystalline 
form whatever, the felspar occurring as an amorphous grain. An 
unusually well-formed crystal is represented in Fig. 5. It is slightly 
clouded. 

Silica.—The silica, as usual in granites, forms the basis in which 
the other minerals (felspar and mica) are imbedded. It is itself with- 
out crystalline form, receiving only the forms given to it by the sides 
of the felspar crystals ; and with polarized light the boundary edges 
are often seen lined by narrow parallel bands of different prismatic 
colours. The interior portions exhibit, on rotating the analyzer, the 
usual gorgeous shades of colouring, one colour sometimes imper- 
ceptibly shading off into another over the fields of view, like the 
blending of the colours in a rainbow. 

With the }-inch object-glass the silica is seen to be highly cellular, 
and fluid bubbles in some of the cells come into view. With the 
No. 2 eyepiece, magnifying 850 diameters, the bubbles are well 
developed, and appear to occur in most of the cells (Fig. 6). Some- 
times the cells are exceedingly irregular in form, sending out angular 
projections in various directions. The bubbles seem generally to 
occupy a large proportion of the cells, about one-third or one-fourth 
of the entire space, from which it might be inferred that the vapour 
from the condensation of which the bubble has been formed was not 
originally highly rarefied. Sometimes the cells occur in long slightly 
curved lines. ‘Tubes and trichites are rare in the silica of this slice. 

Mica.—With a high magnifying power the mica has a green colour, 
and shows a wavy structure. It sometimes incloses black grains, 
which I have little doubt are those of magnetite. 

Magnetite—Some grains of magnetite undoubtedly occur, one of 
which is represented in Fig. 8. They are as usual opaque, and 
generally imbedded in the mica flakes. A few individuals, of which 
that above referred to is an example, are imbedded in the felspar. 


IJ.—Microscoric Structure or Irish GRanITES. 
No. 3. GRANITE OF BaLLyKNOCKAN, Co. WicKLow. 
By Professor Epwarp Huu, M.A., F.R.S., President R.G.S.I. 
(PLATE I.) 
HE granite of Ballyknockan belongs to the great mass of the 
South-east of Ireland, which extends from Booterstown, near 
Dublin, to Poulmounty in Co. Carlow. 
The Ballyknockan granite is considered by the Rev. Dr. Haughton, 
F.R.S., to-be the best building-stone near Dublin. It has, according 
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to this observer, a specific gravity of 2:636, and affords the following 
chemical analysis.! 
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The admirable investigations of Dr. Haughton leave little to be 
added in the way of analysis. Nevertheless, the microscope reveals 
the presence of a second variety of felspar besides the orthoclase, 
which he and Professor Galbraith were able alone to detect from 
chemical examination. This second mineral, indeed, might probably 
have remained unobserved, except for the introduction of this new 
process of investigation.’ 

The rock from which the thin slices are taken is finely crystalline 
granular, and consists of a siliceous paste, inclosing white felspar, 
silvery-grey and black mica. With polarized light the felspar is 
seen to consist of orthoclase, and a triclinic felspar, less abundant 
but well defined; and the proportions in which the minerals occur 
may be thus arranged :—1. Silica; 2. Orthoclase; 3. Triclinic felspar ; 
4. Grey mica; 5. Black mica—the last occurring of a rich bronze 
colour. 

Silica.—The silica occurs in an amorphous state, inclosing the 
other minerals, as is usual in true granites; but is itself composed 
of numerous individual patches, each refracting the light differently, 
so as to represent, on rotating the analyzer, a great variety of rich 
colours. ‘The individual patches are generally separated by a fringe 
of prismatic hues, probably due to varying thicknesses of the section 
at the edges. 

With the 34-inch object-glass numerous cells of varying shapes 
and sizes come into view, together with some wonderfully long 
“trichites ” (‘trichiten,” Zirkel) (Fig. 18), some straight, others 
bent or curved, and stretching through the mass in various directions. 
They are quite distinct from the tubes, and I have no good idea 
regarding their nature. 

The cells are often disposed in lines, or along planes, perhaps 
concealed cleavage-planes. ‘The cells for the most part contain fluid 
bubbles (Fig. 7), but they are only visible with a very high power; 
some, however, are “ stone-cavities.” 

Along with the cells and stone-cavities are also to be observed, 
with a high power, very remarkable straight tubes (Figs. 8, 9, 10), 
terminated by rounded ends, and evidently hollow, or filled with 
gas. One of these (Fig. 10), remarkable for its length, seems to 
contain a very minute bubble near the centre, and another at the 
end of the tube itself. When first observed, I was at a loss to 


1 Haughton, “Granites of Ireland,’’ Quart. Journ. Geol. Soc. vol. xii. p. 177. 
Die Westropp, however, has detected a erystal of albite in the granite belonging 
to the same mass at Dalkey. Journ. Geol. Soc. Dub, vol. ii. new ser. p. 213. 
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account for the formation of tubes of such length, straightness, and 
comparative thinness; but on showing the drawing which I had 
made of them to Prof O’Reilly, he at once pronounced them to be 
“tracks of gas bubbles,” passing in. certain directions through the 
silica when in a viscous state. I have little doubt that this is the 
true explanation of their occurrence. 

Gas cavities (?).—A remarkable constellation of cells in silica, 
devoid of fluid bubbles, and which were, therefore, probably filled 
originally with gas, is represented in Fig. 10. In outline they are 
irregular, and when seen under a high power the uneven form of 
the walls of each cell gives rise to bright points, shading off 
laterally. When the light from the reflecter is allowed to pass 
through the lower prism, the sides are seen to shade off internally 
in a series of faint but delicately defined concentric rings of prismatic 
colours, which art would fail to represent. 

Orthoclase-—The orthoclase occurs generally in formless patches 
or in sub-crystalline forms, displaying with polarized light the 
“cross-banded” structure, very strongly pronounced (Fig. 12); the 
bands of colour intersecting at angles approaching 90°. This struc- 
ture I have shown in a former paper to be due to planes of cells, 
corresponding with those of cleavage, intersecting each other at 
certain angles.! 

Triclinic Felspar.—Judging from the analysis of Dr. Haughton, 
and the actual determination of the presence of albite in the granite 
of Dalkey by Dr. Westropp, which is part of the same mass, I have 
little hesitation in identifying the triclinic felspar which occurs in 
the Ballyknockan granite with albite. There are several small sub- 
crystalline forms in the slices, exhibiting with polarized light the 
fine parallel lines, and bands by which the anorthic group of felspars 
may be distinguished ; one of them is represented in Fig. 14. 

Mica.—The silvery-grey mica occurs in the slice almost colourless 
to pale brown ; the black mica as a deep bronze. The former, with 
a moderate power, is seen to be traversed by fine parallel lines 
indicating the planes of cleavage. The bronze mica with polarized 
light changes to black when the prisms are crossed; the colourless 
mica shows a rather faint play of colours on rotating the prisms. 

In fine—the most noticeable features in the structure of this granite 
are the occurrence of a triclinic felspar, and the remarkable varieties 
of cellular structure in the silica. 


EXPLANATION OF PLATE I. 


Fig. 1. Cross-section of felspar erystal. Granite of Aillemore. 

», 2. Portion of crystalline grain of orthoclase, showing ‘‘ cross-banded”’ structure. 
Magnified 25 diameters. Granite of Aillemore. 

», 4. Portion of orthoclase crystal, showing wavy-banded structure. Magnified 
25 diameters. Granite of Aillemore. 

», 9. Imperfect crystal of triclinic felspar (oligoclase ?), showing fine parallel lines. 
Magnified 150 diameters. Granite of Aillemore. 

», §6. Cells in silica containing fluid bubbles. Magnified 400 diameters. Granite 
of Aillemore. 

», 7. @ b.¢. a, Fluid cavities with bubbles in silica of granite. Ballyknockan. 


1 Paper No. 1, Observations on the Microscopic Structure of Irish Granites. 
Grou. Maa. Vol. X. p. 195. 
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Fic. 8. 9.10. Tubes in silica of granite. Magnified 200 diameters. Ballyknockan. 

», 11. A belonite or trichite in silica. Magnified 200 diameters. Ballyknockan. 

», 12. Imperfect crystal of orthoclase, ‘showing “‘cross-banded’’ structure. 
Magnified 25 diameters. Ballyknockan. 

by lly Portion of silica, with cells, ‘cinichibes ” and belonites. Magnified 200 dia- 
meters. Ballyknockan. 

»» 14. Crystal of triclinic felspar. Magnified 25 diameters. Ballyknockan. 

», 15. Constellation of gas (?) cavities im silica. Magnified 40 diameters. 

» 16. One of the cells, Magnified 300 diameters. 


TII.—On tue Discovery or A Spectres oF STARFISH IN THE DEVONIAN 
Brps oF Souts Drvon. 


By AntHur CHAMPERNOWNE, M.A, 


HE only mention hitherto, so far as I know, of the occurrence 

of Starfish in British Devonian rocks is that given by Mr. 

Htheridge in his list of Devonian fossils (Quart. Journ. Geol. Soc., 

vol. xxiii. p. 619), viz. Protaster, sp., and Palgaster, sp., from the 

Pilton beds of North Devon ; therefore the discovery of a species in 
South Devon rocks may not be without interest. 

The locality which yielded the few specimens in question is a 
small quarry or road-side excavation at Inglebourne House, near 
Harbertonford (about three miles §.8.W. of Totnes), in coarse slates 
with one or two thin gritty layers, on one of which, forming part of 
the floor of the quarry, were the impressions. The dip is about 8.B. 
(20° Hast of South Magnetic) at 15°, crossed by cleavage at a much 
higher angle towards the South. The steady dip at this spot is con- 
firmed by a small quarry in the adjoining field. 

Viewed in connexion with the Harbertonford limestone and the 
slate quarry at Roster Bridge, the beds would appear to belong to 
the Upper South Devon series ; but of this it is ditficult to speak with 
certainty, owing to the fact that there is no limestone for some miles 
west of Harbertonford. Its line of strike, however, appears to, pass 
near the Roster Bridge quarry south of the beds with the Starfish. 

The limestone at Harbertonford dips North at low angles, generally 
not more than 10°, but close to the vicarageitis 25°. At Roster Bridge, 
where large Spirifers and other fossils are numerous, the cleavage 
is the predominant feature ; but there also the true beds appear to dip 
to the North. Possibly a fault passes between these and the beds at 
Inglebourne, which dip 8.E., the downthrow being to the North. 

I lately visited the locality in company with Mr. J. HE. Lee and Mr. 
Paige-Browne, of Inglebourne House, and the above was the view 
taken by the latter, who considered the slates of Roster Bridge quarry 
as deeper in the series than the beds around his house, and the latter 
as nearly on the horizon of the limestone, although I think they are 
somewhat newer. Our search for Starfish was, however, fruitless. 

With regard to the specimens themselves, the best of which I 
entrusted to my friend, Mr. J. H. Lee, to exhibit at the British 
Association, Bradford, in September last, I am pleased to hear that 
they are about to be described by Mr. Woodward, a more experienced 
palzontologist than myself. The object of the present note is merely 
to record the fact of their occurrence, and give some account of the 
locality. 


Dartineaton Hatt, Totnes, Devon. 
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IV.—Description or A New Species or SrarFisH FROM THE 
Duyonian or Great INGLEBOURNE, Harperton, South Devon. 


By Henry Woopwarp, F.R.S., F.G.S., etc., 
of the British Museum. 


ROBABLY no part of England has received more careful atten- 

tion from geologists than Devonshire, both North! and South,’ 

but although the lists of fossils are“large, the fossils themselves are 

often very difficult to determine, owing to the cleavage and meta- 
morphism to which the rocks containing them have been subjected. 

Starfishes must undoubtedly be reckoned among the rarest of 
Paleozoic fossils, and next in beauty to the Crinoids. As many as 
17 genera and 57 species have been described from the Silurian, 5 
from the Devonian, and 3 from the Carboniferous series, whilst 
many others yet remain unnoticed in collections. 

In the Museum of Practical Geology, Jermyn Street, are several 
undescribed specimens from the Upper Devonian of Pilton, N. Devon, 
which have provisionally been referred by Mr. Etheridge to the 
genera Protaster and Paleaster. The following is a transcript of 
my note-book at the time I examined them. 

No. 1. Protaster, sp., Upper Devonian, Pilton. 

An elegant little starfish, with five flexible rays and a somewhat broad disk (very 
like P. Sedgwickii, Forbes, but not so long in the arms), about one inch in 
diameter to the extremities of the arms. 

No. 2. Protaster, sp., Upper Devonian, Pilton. 

A larger form than the preceding one, four inches in diameter, five-rayed, arms 
long, flexible, spinose; the pentagon formed by the oral plates well marked. 
This species resembles Protaster Milton. 

No. 3. Paleaster (?), sp., Upper Devonian, Pilton. 

Pee flexible arms; this is marked Paleaster, but is probably a Protaster, 

ike No. 2. 

No. 4. Paleaster, sp., Upper Devonian, Pilton. 

A stout-armed, five-rayed Starfish, resembling P. asperrimus, Salter, and P. ¢m- 
bricatus, Salter. 

Mr. Etheridge informs me that numerous specimens of new and 
undescribed Starfish, which had been collected by the late Prof. J. 
Beete Jukes, F.R.S., during the preparation of his papers on North 
Devon, are preserved in the Museum of the Irish Geological Survey, 
Dublin; some are in the hands of Prof. Wyville Thomson, F.R.S., 
for examination ; others are to be seen in the cabinet of Townshend 
M. Hall, Esq., F.G.S., Pilton Parsonage, Barnstaple. 

In a former paper published in this Macaztne, “On a New Silurian 
Starfish, Hucladia Johnsoni, H. Woodw. (see Guou. Mae. 1869, Vol. 
VI. Pl. VI. p. 241), I have given a detailed list of all the Silurian 


1 See Memoir by Mr. Robert Etheridge, F.R.S., “On the Physical Structure of 
West Somerset and North Devon, and on the Paleontological Value of the Devonian 
Fossils,’ Quart. Journ. Geol. Soc. 1867, vol. xxiii. pp. 568-698. 

2 See Memoir by Dr. Harvey B. Holl, F.G.S., “On the Older Rocks of South 
Devon and East Cornwall,” Quart. Journ. Geol. Soc. 1868, vol. xxiv. pp. 400-454, 
and pl. xvi. 

3 See Mr, Etheridge’s very elaborate and important paper already quoted, Quart. 
Journ. Geol. Soc. vol. xxiii. p.619. In another table (p. 670) one of these, Paleaster, 
is starred as Middle Devonian; this is a typographical error: they are doth Upper 
Devonian forms. 
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species with which I was then acquainted. By adding the following 
genera and species to that list, we shall complete the details of all 
the Paleozoic species with which I am acquainted. 


1. Asterias constellata, Thorent, Coal-measures. M. Geol. ii. 259, t. 22, fig. 7; 
Bull. Geol. 1844, 208, t. 3, figs. 1-3. 

Schenaster Watchsmuthi, Meek and W.., Lower Carboniferous, Burlington, Lowa. 
Paleontology of Illinois, 1866, p. 499, pl. 17, fig. ra 

Ophiura (?) ey Fahrk, Mountain Limestone, Russia. Bull. Moscow, 1844, 

804. 
Aspidosoma Tischbeinianum, Ferd. Roemer, Devonian, Bundenback, Birkenfeld. 
- Paleontographica, Bd. ix. 1862-4, pp. 143- 152, pl. XXi1i.—Xxix. 

Asterias asperula, F.. Roemer, Devonian, Birkenfeld. Op. cit. 

SPinosisstma, 4, oD a a3 

. Helianthaster Rhenanus ,, 

Acroura (Ophiura) Schlotheimi, Minster, Upper Silurian. 

Trochitaster plumiformis, Wright, Upper Silurian, Dudley. Quart. Journ. Geol. 
Soc. 1873, vol. xxix. p. 421. 

10. Protaster (Ophiura) obtusa, Eichw., Upper Silurian, Russia. Letheea Ross. p. 193. 


eo 
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11, ———— Petri, Salter, Cambrian, Bala. Cat. Woodw. Museum, 1873, p. 47. 

12. Paleaster Caractaci, Salter, Cambrian, Church Stretton. Cat. Mus. Pract. Geol. 
p. 30. 

13. ———— (Asterias) primeva, Salter, Cambrian, Bala. Quart. Journ. Geol. Soe, 
vol. 1. p. 8. 

14, ———— squamatus, mana Cambrian, Bala. Cat. Woodw. Mus. Camb. 1873, 
p- 47. 


The following is a summary of the known Palzozoic genera :— 


Order I. ASTERIADZ. Fam. 1. Asterrm. 
Genus 1. Aspidosoma, sp.1. Devonian, Ardoise. 


2. Asterias, sp. 8. Devonian and Carboniferous. 

3. Edrioaster, sp.1. Trenton Limestone, Canada West. 
4. Glyptaster, sp. 4. Niagara Group, Indiana, etc. 

5. Paleaster, sp. 21. Lower Silurian to Carboniferous. 
6. Palasterina, sp. 5. Upper Silurian, Shropshire, etc. 
7. Paleocoma, sp. 6. a is 

8. Petraster, sp. 1. Niagara Group, Canada West. 

9. Ptilonaster, sp.1. Chemung Group, New York. 
10. b. Stenaster, sp.1. Trenton Limestone, Canada West. 
11. ¢. Teniaster, sp. 2. Montmorency. 


12. a. Schenaster, sp. 1. Lower Carboniferous, Lowa. 


Fam. 2. Uraster:a. 
13. Urasterella (?), sp. 1. Trenton Limestone, Canada West. 
Fam. 3. GoNIASTERIA. 
14, Palmipes (H. W.), sp. 1. Wenlock Limestone, Malvern, ([Coll. Dr. 
Grindrod, not yet described. | 


Fam. 4. Sonasteria, 
15. Helianthaster, sp. 2. Devonian, Ardoise and South Devon, 
16. Lepidaster, sp. 1. Wenlock Shale, Dudley. 
17. Trochitaster, sp. 1. "5 


7 
Order Il. OPHIURIDM. Fam. 5, Oruturz, 
Genus 18. Acrowra, sp. 1. Upper Silurian. 
' 19. Eugaster, sp. 1. Hamilton Group, New York. 
20. Protaster, sp. 7. Lower Silurian—Devonian. 
21. Paleodiscus, sp.1. Upper Silurian, Shropshire. 
22. Ophiura (?), sp. 1. Carboniferous Limestone, Russia, 
Fam. 6, Euryauss (?). 
23. Hucladia, sp. 1. Wenlock Limestone, Dudley. 


The specimens from Mr. Champernowne’s collection, which it has 
been my good fortune to examine, belong to the AsTERIADZ, and to 
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that peculiar many-rayed family, the Souastrrta, or “sun-stars,” of 
which only three species, belonging to as many distinct genera, 
—namely, Helianthaster, Lepidaster, and Trochitaster—have hitherto 
been described from the Paleozoic rocks, whilst a starfish which 
has been referred by the late Prof. Edward Forbes to the living 
genus Solaster, occurs as early as the Great Oolite.’ 

Of the other Devonian genera, Aspidosoma, Asterias, and Palegaster 
belong to the family of AstEr1m, whilst Protaster is referred to the 
OPHIURIDZ. 

Although, as a rule, the number five is dominant among the 
Echinodermata, and regulates the forms and organs of the starfishes, 
yet we find numerical variation occurring more frequently in this 
order than among the Ophiure or the Sea-Urchins. 

The number of arms is not of specific value, although in several 
instances it may be of generic significance. In Lidia and Solaster, 
says Prof. Edward Forbes, it is of least importance. 

The purple sun-star, Solaster endeca, has from nine to eleven rays; 
the common sun-star, Solaster papposa, has generally from twelve to 
thirteen rays, sometimes as many as fifteen; whilst the Solaster 
heiianthoides, a fine specimen of which I possess, from the western 
shores of South America,’ has no fewer than thirty-four arms ! 

The Solaster Moretonis, from the Great Oolite, has thirty-three 
arms; Helianthaster Rhenanus, from the Devonian slates of Ardoise, 
has sixteen arms; Lepidaster Grayi, from the Wenlock Limestone, 
Dudley, has thirteen arms; Trochitaster plumiformis, from the same 
formation and locality, has ten rays: both the examples of Mr. 
Champernowne’s Starfish have eleven arms. 


Helianthaster filiciformis, H. Woodw., Devonian, Harbertonford, 
South Devon. (Twice the natural size.) 


1 Solaster Moretonis, Forbes, Mem. Geol. Surv., Decade 5, t. 1. 
» Fide Forbes, possibly from Australia ? . 
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The specimens are preserved as casts of the calcareous skeleton, 
from which all the integument has been removed. We cannot there- 
fore hope to discover the madreporiform tubercle, or those delicate 
tufts of spines with which the dorsal surface of the disk and arms 
of most of the Solasteriz are invested. 

Hach arm is composed of from fifteen to twenty pairs of small and 
somewhat ovate plates, which unite along the centre and form the 
roof of the radiating grooves which one sees on the ventral side of 
all existing Starfishes, and in which those curious and delicate 
tubular extensile organs, the suckers (which serve the office of feet, 
and by means of which the animals can walk about with great 
facility), are ranged. 

In the Solasteriz there are only two rows of these suckers in each 
avenue, whilst in the Asteria there are four. 

The casts of these plates, with their slender mesial connecting 
ridge, resemble one of the delicate pinnules of the leaf of a Lastrea, 
or, when viewed as a whole, one is reminded of the little plants of 
Asplenium trichomanes, common on our country walls. 

The disk, unfortunately, is not preserved in either of the specimens 
sent to me, but it must have measured 10 mm. in breadth. The 
arms are 17 mm. in length, and near their junction with the body 
are 5 mm. broad; the greatest breadth of the entire Starfish is about 
45 mm. ~ 

Writing of Lepidaster Grayi, Prof. Edward Forbes observes :— 


“This fossil bears at first sight a strong resemblance to a Starfish of the genus 
Solaster, but in reality it possesses characters so peculiar as without doubt to stamp it 
as a separate generic type, and even to render doubtful its position among true Star- 
fishes, and to raise the question whether it be not a connecting link between that 
order of Echinoderms and Crinoids. 

The disk is very little more than two inches in diameter. It is so injured that its 
elements cannot clearly be made out, but it appears to have had a framework of 
closely set polygonal ossicula. The rays are arranged around it equidistant from 
each other, like so many spokes of a wheel. Their average length is one inch and 
one-twelfth, and their breadth towards the base four-twelfths. They are all regularly 
lanceolate. Their under-surfates are exposed on the slab, and are composed of thick 
transversely oblong plates, slightly overlapping each_other in a scale-like fashion, and 
ranged in four longitudinal rows, two on each side of a central or ambulacral groove, 
which is itself toward the extremity in some instances partially filled up by small 
polygonal intervening plates. Of the two rows of border plates on each side of the 
groove, the inner series is formed of oblong obscurely hexagonal ones, with traces of 
punctations and grooves on their surfaces as if for spines. The ray that is most 
perfect exhibits twenty-five plates in each row. The outer series consists of sub- 
orbicular or obscurely polygonal plates, which, like the inner ones, are slightly convex 
on their surfaces. ‘The upper surface of the ray, and probably of the body, was 
composed of numerous small polygonal, nearly flat ossicula, closely set and of various 
sizes.’’ (1850, Mem. Geol. Surv., Decade iii. pl. i. p. 1.) 


In Helianthaster Rhenanus (Roemer) the disk is 30 mm. broad, 
and the arms are double that in length. 

The arms themselves are bordered on each side by small knobs or 
ossicule, with traces of two finer lines of obliquely-placed and 
smaller plates along the middle of each arm, bordering the ambulacral 
groove ; whilst a small oval plate marks the base of and separates 
each arm where it joins the body. There are also remains of spines 
on the borders of some of the arms. The disk is not preserved, and 
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Dr. Roemer therefore concludes it to have been soft and membrana- 
ceous, and not covered with hard plates (as in Lepidaster, Goniaster, 
etc.). 

When perfect, H. Rhenanus must have measured six inches across 
(150 mm.), rather more than three times the size of Mr. Champer- 
nowne’s specimen. Size, however, cannot be looked upon as of much 
importance, nor can the number of arms in this family be relied 
upon as conclusive. 

In Lepidaster we have seen, by Forbes’s description, the arms were 
clothed, as in Goniaster and Oreaster, with external calcareous plates, 
reminding one of the arms of the Crinoids; the disk is also covered 
with polygonal plates, and is twice as broad as the arms are long. 
Trochitaster is, at present, only known by its outline, and therefore 
cannot be taken into consideration. 

J am inclined therefore to refer Mr. Champernowne’s specimen 
to Roemer’s genus Helianthaster, in preference to the alternative 
of creating a new genus for its reception. Its fortuitous resem- 
blance to a fern has induced me to propose the specific appellation 
of filiciformis as less objectionable than the alternative of giving it 
a topographical designation, the appropriateness of which might 
shortly be obliterated by its being found by Mr. Champernowne and 
other ardent geologists in half a dozen other localities in South Devon. 


V.—Descriptions or New Fosstus From THE DEVONIAN 
Formation oF CanapA WEST. 
By H. Atteynse Nicuorson, M.D., D.Sc., F.R.S.E. ; 
Professor of Natural History in University College, Toronto. 
(PLATE IL.) 

AVING been engaged for some time in collecting and studying 
the organic remains of the Corniferous Limestone and 
Hamilton formation of the western portion of the Province of 
Ontario, I propose, in the present communication, to describe some 
of the new species which have come under my notice, these being 
chiefly referable to the groups of the Corals and the Polyzoa. A 
portion of the new material which I have collected I have already 
described in the “Annals of Natural History” and in the ‘‘Canadian 
Naturalist,” and a portion still remains for more extended examina- 
tion. Some of the species here described, also, will be fully illus- 
trated in the detailed Report on the Devonian Fossils of Western 
Canada, which I am now preparing for the Government of the 
Province of Ontario. Under any circumstances, the Corniferous 
and Hamilton deposits of Western Canada are so richly fossiliferous, 
that more extensive investigations than I have been able to carry 
out would certainly result in the bringing to light of numerous new 
forms of animal life. The total number of species comprised in 
my collections from these formations amounts to about one hundred 
and sixty or seventy, of which between thirty and forty are ap- 
parently new; but in the case of some of these the materials at 
present in my hands are not sufficient for description. Of this 
number no less than seventy-five belong to the corals, about forty 
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Fie. 1.—Callopora incrassata, Nich. a. A fragment, naturalsize. 6. A portion of the surface 
magnified, showing the calices and ccenenchymal tubuli. c. A portion of the surface less highly 
magnified, showing one of the vacant areole surrounded by corallites. d. Vertical section of a 
fragment enlarged, From the Hamilton Group. 


Fic. 2.—Alveolites frondosa, Nich., partially restored in outline, natural size. a. A fragment 
of the surface magnified. From the Hamilton Group. 
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are Brachiopods, and the remainder are distributed amongst the 
Polyzoa, Gasteropoda, Lamellibranchiata, Annelida, Trilobita, and 
Crinoidea. 

Genus Cattorora, Hall. 

Gen char.—Corallum compound, massive, encrusting or ramose ; 
corallites minute, tubular, separated by a still more minutely tubular 
conenchyma. The coenenchyma always rendered vesicular by 
numerous transverse diaphragms, and the corallites also generally 
tabulate. Septa rudimentary or absent. 

The genus Callopora includes a number of corals which range 
from the Upper Silurian (Niagara group) to the Devonian, and 
which in some instances have decidedly the aspect of Polyzoa. The 
affinities of the genus are, however, beyond question, so far at any 
rate as concerns those species which have come under my observa- 
tion. Callopora, beyond all doubt, is a genus of Tabulate Corals, 
and finds its nearest allies in the genera Heliolites and Fistulipora. 
From the former of these Callopora is separated by the absence of 
septa, and from the latter by the fact that the tubuli of the ccenen- 
chyma are regularly tabulate, whilst the corallites themselves 
have the theca either open or partitioned off by a few remote hori- 
zontal tabule. There is also a much greater disproportion between 
the size of the corallites and that of the tubuli of the coenenchyma 
than is the case with Fistulipora. 

One large species of Callopora, which perhaps may subsequently 
be found to admit of subdivision into two, has occurred to me in 
the Devonian formation of Western Ontario; and this is clearly 
distinct from all previously recorded forms. 

CatLopora incrassaTa, Nicholson. Plate II. Fig. 1. 

Spec. char.—Corallum sometimes encrusting foreign bodies, some- 
times forming large expansions, or sometimes constituting hemi- 
spheric or globular masses, which are composed of numerous con- 
centric layers superimposed one upon the other. Corallites very 
minute, tubular; their circular calices slightly elevated above the 
general surface, and surrounded by a prominent margin. From 
three to five calices in the space of one line, separated by intervals 
of from half to two-thirds of their own width. Corallites some- 
times with the cavity of the theca undivided, but more commonly 
partitioned off by a few remotely placed horizontal tabula. Ccenen- | 
chyma composed of exceedingly minute tubuli, which are divided 
by close-set horizontal diaphragms. The surface exhibits, at 
intervals of about two lines, elongated star-shaped spaces, sometimes 
smooth, sometimes punctate or minutely pitted, which are not pene- 
trated by tubes of any kind, and appear to be quite solid. There 
are generally from three to six corallites surrounding these vacant 
spaces which are larger than the average, and the spaces themselves 
have a long diameter of from one to two lines by a shorter diameter 
of half a line. In some specimens, also, the surface exhibits oc- 
casional large conical elevations, pierced each by a single canal, the 
diameter of which is about one line, and which descends vertically 
into the mass. 
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The characters of Callopora incrassata (Fig. 1) are very remark- 
able, and I am not altogether satisfied that two closely related species 
have not been included under the above description. That we have 
to deal here with a Tabulate Coral allied to Heliolites and Fistulipora 
is sufficiently clear; but there are many anomalous points presented 
by the present fossil. The specimens which I have included under 
this head occur in at least three forms. Some of them form thin 
crusts upon Heliophyllum Halli, Cystiphyllum vesiculosum, or other 
corals, themselves in turn supporting the tubes of Ortonia or 
Spirorbis, or the creeping stolons of Aulopora. Others form flat- 
tened or undulating expansions, supported upon a thin concentrically- 
wrinkled epitheca. Others, again, form irregular or hemispheric 
masses, varying in size from an inch in diameter, or less, up to the 
size of a man’s head, and composed of numerous concentric layers. 
The majority of examples exhibit the singular areole or clear spaces 
on the surface, which are neither penetrated by the corallites nor 
by the tubuli of the coenenchyma (Fig. 1c). These spaces are 
usually elongated, and often somewhat depressed below the general 
surface, and prolongations extend from them in a star-like manner. 
The corallites in their immediate neighbourhood are also usually, 
- some or all, larger than the ordinary ones. Only a few specimens 
exhibit the large conical perforated eminences above alluded to; 
but in those that do, these structures appear to belong properly to 
the fossil and not to be extraneous. In other minor respects different 
specimens differ considerably amongst themselves. The examples 
from the Corniferous Limestone are mostly of large size, the 
corallites are comparatively small, the intervals occupied by the 
coenenchyma are proportionately wide, and the fact that the coenen- 
chyma is minutely tubular cannot be determined. I feel, how- 
ever, pretty sure that these peculiarities are to be ascribed to the 
manner in which the specimens from this formation are fossilised. 
In the specimens from the Hamilton formation, again, the peculiar 
vacant areole cannot always be recognized, and appear to be 
sometimes absent over considerable areas. Most of the Hamilton 
specimens show very clearly the tubular character of the coenen- 
chyma, but there is a good deal of diversity as to its amount. 
Some examples have the corallites separated by nearly their own 
width, the interspaces being filled with circular or polygonal tubules. 
- Others, on the other hand, have the corallites nearly in contact, 
with but a single row of very minute tubuli between. An epitheca 
is only occasionally present, and the flattened expansions often carry 
corallites on both sides. 
~ Locality and Formation.—Corniferous Limestone of Port Colborne, 
and more abundantly in the same formation at Hagersville. Common 
in the Hamilton formation at Widder, and also at Bartlett’s Mills 
near Arkona, in the townships of Bosanquet and South Williams. 


Genus Atveoutites, Lamarck. ) 

Mr. Billings has already recorded six species of Alveolites from 
the Devonian rocks of Western Canada, four from the Hamilton 
group, and two from the Corniferous Limestone (Canadian Journal, 
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new series, vols. iv. and v.). To these I have now to add five 
species from the Corniferous Limestone, and a sixth from the 
Hamilton shales, all of which appear to be distinct from previously 
described forms. 


Atyrotites FRonDosA, Nicholson. Plate II. Fig. 2. 

Spec. char.—Corallum forming elongated, sometimes palmate ex- 
pansions, which appear to have grown in an erect position from a 
rooted base, and which carry calices on both sides. The width of 
these expansions seems never to have been over an inch and a 
quarter, often less, and the thickness rarely exceeds two lines, 
whilst the height is unknown, but certainly sometimes exceeded 
two inches. The corallites spring from the median plane of the 
frond on both sides, and are very oblique to the surface. Wails of 
the corallites exceedingly thick; calices small, transversely oval 
or subtriangular, arranged in oblique lines, their long diameter being 
not more than from one-fourth to one-third of a line, with a trans- 
verse diameter one-half less. The inferior lip of the calice is thin 
and prominent, but there are no traces of any internal ridge or tooth. 
The calices are separated by intervals of about one-third of a line 
in the vertical direction of the frond, and one-fourth of a line, or 
less, in the transverse direction of the frond. 

There can be little question as to the distinctness of this not un- 
common species. It is readily distinguished from all other species 
of the genus except A. Fischeri, Billings, by its peculiar form and 
mode of growth, and it is separated from this by the very much 
smaller size of its corallites, and their much closer arrangement. 
From the thickness of the walls of the corallites in this, as in some 
_ other forms from the Devonian rocks of Ontario, the appearance is 
- produced of the corallites being imbedded in a more or less abundant 
coenenchyma, which, however, has no true existence. For this 
reason, also, the aspect of the fossil differs in some degree from 
that of the typical species of Alveolites, and more or less resembles 
that of Cenites, Hichwald (=Limaria, Steininger), from which it 
is separated by the absence of calicinal teeth. 

Locality and Formation.—Common in the Hamilton formation 
at Bartlett’s Mills near Arkona, township of South Williams. 


ALVEOLITES SeLwynit, Nicholson. (Fig. 3.) 

Spec. char.—Corallum forming an irregularly-shaped crust, or 
depressed mass, about one line in thickness. The corallites are 
exceedingly oblique to the surface, and open by calices which have 
the form of curved or lunate slits, the length of which is about 
three-quarters of a line, whilst their width in the centre is only 
a tenth of a line, or thereabouts. The calices are placed in ir- 
. regularly alternating lines, or sometimes in an. indistinctly sub- 
spiral manner, and are about half a line or three-quarters of a line 
apart, the thickness of the walls of the corallites being thus very 
considerable. . 

This curious form belongs to the same section of <Alveolites as 
A. sub-orbicularis, Lam., A. Goldfussi, Billings, and A. depressa, 
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Edw. and H., but it presents.some peculiarities which render its 
reference to Alveolites not altogether certain. It is distinguished 
by the remote fissure-like calices with nearly parallel walls, and 


Fic. 8.—A fragment of the upper surface of Alveolites Selwynti, Nich., magnified. 
From the Corniferous Limestone. 


by the absence of any distinct concentric arrangement of the coral- 
lites. In the shape of the calices, it somewhat resembles Cenites 
labrosus, Edw. and H.; but it is in reality very different, both in its 
general form and its real structure. 

I have only seen a single example of the species. It is dedicated 
to Alfred R. C. Selwyn, Hsq., F.G.S., the Director of the Geological 
Survey of Canada. 

Locality and Formation.—Corniferous Limestone, Port Colborne. 

(Zo be continued in our next number.) 


ViI.—Tue Istz or Toanet. Tor Ammonite Zone, tHE Depts or 
THE CHALK IN SECTION, AND THE CONTINUITY OF ITS FLINT 
FLooRInGs. 

By F. A. Bepwett, M.A., F.R.M.S. 
N the summer of this year I laid before the Geologists’ Association ° 
some particulars of fourteen large Ammonites which I had found 
in the Chalk cliffs east and west of Margate. The following is the 
result of three weeks’ further work on these cliffs. ; 
There are 89 Ammonites or remains of Ammonites to be seen 

in situ between Cliff End, Birchington, and Kingsgate Bay. I 

have marked on the cliff itself the position of each of the 89, by 

placing on the Chalk a black cross thus + at a point on the eye level, 

which is as nearly as possible “three yards to the eastward of a 

perpendicular line passing through the Ammonite itself.” When two 

or more lie near each other, I have indicated the fact by adding dots 

to the cross; and in one case where I have removed an Ammonite, I 

have placed a circle with a dot in the centre on the spot, and in 

another instance in a cave the cross is placed close to the specimen 
itself. I have measured the depth and height of each Ammonite, the 
first relatively to a “datum line” ahd the second relatively to the 
sand line. The ‘‘datum line” which I selected is the only one ~ 
available; it is a line of nodular flints which is exhibited nearly con- 
tinuously from Birchington to Kingsgate. It is in fact a line which 
actually guided me to the majority of the Ammonites; and although 
it is in some places difficult to decipher, yet it has very distinct 
characteristics of its own. It is nearly always double, and its indi- 
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vidual flints seldom run large, and are separated from each other, gene- 
rally by a foot of chalk, frequently by much more, but seldom by less. 
The minimum distance below it at which I have found a specimen is 
4ft. 6in. and the maximum 60ft. 3in. Referring to this band as a “datum 
line,” and grouping in six different “averages” all the 89 various 
measurements so taken, the following particulars are obtained. 

TaBLe oF AVERAGE DEPTHS oF AMMONITES BELOW “ Datum Line.” 


Average depth 
No. of Depth 
Specimens. i seen c Greatest depth. | Least Depth. | pyinown. 
ft. in. Genero ft. in. 
8 6 68 3) 20 46 
32 12 0 14 196 9°10 
6 16 8 Wd 15 «6 
25 20 2 22 3 18 0 
11 25 2 Zl 3) 23. «6 
4 329 350 dl 61 
1 46 9 5) 0 8 000 
I 60 3 o\ ! 606 30) 60d 
1 306 . ees . . ee 
89 


It will be seen from these figures that the 12-foot line and the 20- 
foot line both represent periods of special maximum development. 
Indeed seven of the specimens on the 12-foot line lie in a space of 
200 yards, and three of them almost touch each other, and look very 
much as if they had actually “died together.” 

The large majority of the specimens are referable to Ammonites 
leptophyllus. J identified thirty-five of this kind. I also identified four 
as A. Lewesiensis, and one as A. peramplus.' The rest are indistinct. 


In addition to these particulars, I am also able to give exact detailed 
NORTH. 


WEST. 
“LSVa 


Fie. 1.—Outline of Isle of Thanet, showing the distribution of Ammonites along the coast. 


1 But query if these three forms are not identical. I have a flint cast in my possession 
which looks very much as if it united all three forms in its markings. See also Sharpe's 
Mollusca, Pal. Soc. 
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measurements of the whole of the Chalk seen in section along the 
cliffs of the Island, and these details will be found in the accompany- 
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Fic. 2.—Cliff-section from Birchington to Kingsgate, 
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oa there is a depth of 180 feet of 


Fic. 3.—Cliff-section from Kingsgate to Pegwell. 
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chalk in the section; the highest is 
seen at Foreness (point O in Sketch- 
map), and the lowest is seen at the 
bottom of the cliffs, just before the 
turn to Pegwell (point C). 

Out of the whole 180 feet, the 
Ammonite zone, according to the 


. position of the specimens found up 


to the present time, covers a depth 
of between 55 and 56 feet. I have 
searched for specimens in the chalk 
above and below these boundaries, 
but at present without success. 
Strange to say, the Ammonite zone, 
so far as I have now identified it, 
will be found to coincide with chalk, 
in which there are no lines of flint; 
individual flints occurrarely through- 
out the area of the zone, and bursts 
or spurts of flint show themselves 
here and there, and sometimes in 
connexion with the Ammonites them- 
selves; but excepting just above the 
lower boundary of the zone, there 
are no lines of flints exhibited in it, 
and at present it looks as if the ap- 
pearance and disappearance of the 
Ammonites was coincident with the 
disappearance and re-appearance of 
the flint lines. 

The various undulations of the 
Chalk are shown in the accompany- 


‘ing sections, which, however, are 


necessarily much curtailed in point 
of detail. 

The three uppermost bands of 
flint indicated in the accompanying 
table appear in various places be- 
tween Birchington and Kingsgate ; 
and wherever they are seen, they 
always preserve their relative dis- 
tances and peculiar features. They 
are all more or less alike in appear- 
ance—the flints in the two upper 
lines being larger than those in the 
lowest line. 

At Kingsgate and the North Fore- 
land respectively, two bands are 
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to be seen rising out of the sand line, which require a very special 
notice. They are separated from each other by a depth of 31 feet. 
The upper of these forms an almost solid “ floor” of flint of about 3 
to 4 inches thick, which underlies the whole Isle of Thanet. Here 
and there it is pierced by small irregular rings or pockets of chalk, 
which appearing at uncertain intervals, check its absolute continuity ; 
but its general aspect is that of a rigid, inflexible, almost rocky 
flooring. Three well-diggers independently informed me that they 
knew it all over the island, and they pronounced it as having always 
the one aspect above described ; one of them had pierced it as far 
west as Westgate. It is seen rising up to the beach line in an 
altogether unexpected manner at the point P in the map and section, 
which is a spot at the back of Margate Harbour, close to where the 
carriage-road runs down under a bridge on to the sands. It does not 
appear again until we reach Kingsgate, and there it rises once more, 
and then runs along the face of the cliff by a series of faults to Peg- 
well, and there sinks again below the sand line. It must have a decided 
influence on the drainage of the island, and particularly on that of 
Margate, to the lower part of which I believe it forms a natural and 
nearly impermeable floor, and accounts for the condition in which I 
have sometimes seen portions of that town. 

The line of flint mentioned as rising at the Foreland lies 31 feet 
below this “three-inch band,” and it is equally remarkable. It is a 
foot and even more thick, but is wholly different in appearance from 
the other. It is like a large mass of irregular honeycomb, or ant’s 
nest or wood which has been extensively bored by some huge xylo- 
phagous mollusc. But its chief peculiarity is this, that from it at 
irregular intervals spring perpendicularly columns of flint similar in 
constitution to itself, and extending to a height of a foot or a foot 
and a half, and sometimes even uniting it with the line of flint next 
above, and making one think for a moment of a honeycombed 
** potstone.” 

Mr. Whitaker has mentioned the “ three-inch band” in his 
Geology of the London Basin, and he states there that it is to be 
seen at the top of the cliffs between Deal and Dover, surmounted by 
a portion of the Isle of Thanet Chalk. I am able to confirm this 
statement by a piece of evidence which puts it, I think, beyond all 
doubt. On recently visiting the cliffs at Old Stairs Bay, beyond 
Walmer, I found that they are very high and inaccessible, but that 
undoubtedly there is a line at the top of the cliff there which, in 
appearance, bears a most striking resemblance to the “ three-inch 
band” of the Isle of Thanet ; and, like that band too, it preserves its 
peculiar characteristics undeviatingly up to the moment when it 
leaves the cliff, at St. Margaret’s Bay. Now on dropping the eye, in 
its progress along the cliffs beginning at Old Stairs Bay, to a depth 
of about 30 feet below the band in question, there will be seen a rich 
band of flint, with ‘‘columns” arising from it at irregular intervals, 
precisely in the same manner as may be seen at the North Foreland. 
And thus these two lines of flint serve to identify each other at the 
two localities in a very remarkable manner; and I think there can 
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be no doubt that they were respectively all at one time continuous 
and in the same horizontal plane. 

The distance from Margate Harbour to St. Margaret’s Bay is about 
nineteen miles, and from Kingsgate to Westgate is six miles; and 
here then we have evidence of lines of flint being formed over an 
area of at the least about 120 square miles—“ by chemical processes 
- identical and simultaneous in their modes of operation.” But, at the 
same time, it would be no unfair deduction to take at least the square 
of 20 miles as the probable minimum extent of the field represented 
by the section thus exhibited to view ; while I cannot help anticipat- 
ing that these and other bands will hereafter be identified over a very 
much more extended area even than 400 square miles. 

To return to the Ammonites, many of them are well worth a visit; 
one in particular is a magnificent basin, four feet at least in diameter 
if not more, and out of which the sea has worked the chalk, showing 
the contour of many of the chambers, and exposing to view a natural 
internal section of a portion of the shell. It lies between the points 
t and s on the map, and is on a low platform of rock just under the 
name of Mr. K. Loder, a gentleman who has added lustre to his 
name by unconsciously associating it, in letters of appropriate pro- 
portions, with this gigantic natural relic. 

Should any geologist desire to visit the section, I shall be happy at 
any time to furnish him with exact details, which will enable him 
more easily to find all the Ammonites. A letter addressed to “ Lin- 
coln’s Inn” will be sufficient. 

On reference to the sections, it will be seen that I have figured the 
Ammonite-bed as appearing in three different places between Kings- 
gate and Pegwell; not that I have found any Ammonites in situ 
in those three places, though I found a fragment on the beach 
between the points 7 and k, but the chalk, at the three places 
which are indicated by the shading, brings, by its undulations, the 
Ammonite-bed on to the face of the cliff at these points. When we 
reach Pegwell itself, the Ammonite-bed is clearly represented for 
nearly half a mile; and four specimens have been found there i 
situ, by Mr. Leonard Wray, jun., of Ramsgate, who has, I believe, 
marked their position for me with the letter W. At Pegwell Bay 
51 feet of the chalk, which is to be seen on the Margate cliffs, is 
wanting, and has been carried off the upper portion of the cliff. 

The total depth of the chalk in section is obtained by the follow- 
ing addition: Oo + Nn + Cco= 32 + 74 + 74 = 180,—the heights 
Oo, Nn, and Ce, being the three lines thus figured in the accom- 
panying sections, and which I measured with a plumb-line and 
- measuring-rod. 

The upper edge of the shaded band represents the “datum line,” 
being the line of flints which guided me to the Ammonites; the 
lower edge of the shading gives a line of flints in which the lowest 
Ammonite appears. 

I have added a table showing the distribution of the specimens, 
93 in all, along the whole section. 
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TABULAR STATEMENT OF CHALE SEEN IN SECTION IN THE IsLE oF THANET. 


Feet. 


0 


12 
22. 


32 
36.6 


51 


8e 


92. 


106 


137 


180 


Details. 
Highest Chalk in section.. 


Nodular line of Flints: 


Ditto, 


_ Ditto, guiding to Ammonites 
Upper limit of Ammonite Bed. 
Oct. 1878... 


Yellow Band of Chalk (Whitaker).. 


Lower limit of Ammonite Bed. 
Oct. 1873. 


> 


“ Three-inch Band.”’ of Flints.- 


Columnar Band. 


Lowest chalk in section. 


Highest Chalk in section at Pegwell. 


) 
j 


21 


Exhibited at | Remarks. 


) 


‘+ Foreness, 


Near Marsh 


a) 
}]{” Bay. 


Pegwell. 


Kingsgate 


to Pegwell. 


Apple Bay, 

Kingsgate, 
and 

\ Pegwell. 


{ Kingsgate 


to Pegwell. 


North 
{ Foreland. 


iNear Pegwell. 


| 
i 


No lines of Flint. 


Many lines of Flint, 
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ExPLanaTion or Figures Innustratine Parger on Iste or THanet CHALK. 
Fig. 1.—Sketch-map of Isle of Thanet. 
Fig. 2.—Cliff Section from Birchington to Kingsgate. 
Fig. 3.—Cliff Section from Kingsgate to Pegwell. 
The shaded part represents the Ammonite Bed, bounded on the upper edge by the 
guiding line of flints. 
—-—-— -— -— -_—-—- The Three-inch band of flints. 
+4++4+4++++4+++4++4 The columnar band of flints. 


a. Tertiary bed. 2. North Foreland. 
b. Pegwell fault at which Tertiaries | m.Joss Stairs. 
begin. n. White Ness. 


c. A point a little east of Landing-stage, | o. Fore Ness. 
Pegwell. Lowest point of chalk. : p. First Gangway, east of large Flag- 


d. West Cliff Terrace. staif. 

e. Ramsgate Harbour. q. Jetty-end of Cliff, Margate. 

f. Various faults. P. Explained in text. 

g. Dumpton Stairs. 7. Infirmary end of Cliff, Margate. 
hk. Dumpton Point. s. Marsh Bay. 

7. Broadstairs, t, Apple Bay. 

k. Stone Stairs. #. Birchington. 


TABLE SHOWING DisTRIBUTION Or AMMONITES IN THE SECTION. 


Points marked in . Distance. Number of 
Sketch-map. Miles. Specimens. 
u to s 23 27 
SLO Tare 1Yy 17 
r to g x No cliff. 

q to p 1 24 
p to Z my 21 
1 to ¢ 43 None found. 

e to b % 4 
13 93 


VIL.—On toe Formation or Mountains. A Repity to THE Rev. 
O. FisHER. 


By Capt. F. W. Hutton, F.G.S. 


‘his was with great interest that I read in the GzotocicaL MAGAzing, 

Vol. X. for June, 1873, the Rev. O. Fisher’s able paper on the 
Formation of Mountains; and although I cannot altogether agree to 
his reasoning, I have to thank him for re-calculating, more correctly 
no doubt than I have done, my table of the altitude of domes, and 
also for explaining several points which I had not clearly conceived 
before. Nevertheless, I think that I shall be able to show that his 
arguments against the theory that I have advocated’ are not well 
founded. 

For the sake of conciseness, I will, in what follows, call the theory 
that Mr. Fisher advocates the “Contraction theory,” meaning thereby 
the theory of the formation of mountains by the secular cooling and 
contraction of the earth; while I will call the theory that I advocate 


1 On the Phenomena of Elevation and Subsidence, Phil. Mag., Dec. 1872, and on 
the Formation of Mountains, Grou. Mac., April, 18738, p. 166. 


’ 
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the ‘“ Deposition theory,” by which I mean the theory of the forma- 
tion of mountains by removal of matter from one portion of the earth 
and its deposition on another portion.! 

(a.) The first argument that Mr. Fisher adduces against the Depo- 
sition theory is that any lateral pressure of expansion must be taken 
as strictly horizontal, that the pressure on one side would exactly 
balance that on the other, and that no upward rising would take 
place. But the pressure relied upon by Mr. Fisher for producing 
mountains is just as horizontal as the pressure produced by expan- 
sion ; and if a cubic foot of rock would be simply compressed by the 
horizontal pressure caused by expansion, why should not the effect 
be the same if the horizontal pressure was produced by the contrac- 
tion of the nucleus? Further on in his paper (p. 250), Mr. Fisher 
allows that the direction of the forces would be the same in both cases. 

Practically we know that a perfectly horizontal sheet of dry paper 
stretched on a board will wrinkle up when its dimensions are in- 
creased by damping it, and that a perfectly straight bar of iron, 
firmly fixed at each end, will bend if heat is applied to it. Mr. G. 
Maw has also given (Grou. Mac. 1868, Vol. V. p. 294) an excellent 
example of the displacement of the coping-stone of a wall by expan- 
sion; and the crust of the earth must do the same unless it crushes. 
From observation we know that anticlinal curves have been formed, 
and therefore that the crust does not always crush up. 

Mr. Fisher also says that “we have no right to consider the crust 
rigid, when regarded in proportions of sufficient dimensions to admit 
of these lateral pressures being otherwise than sensibly in the same — 
straight line, but in opposite directions.” But in his first paper on 
the Elevation of Mountains (Trans. Cam. Phil. Soc. 1869, xi. p. 4), 
he not only says that the portion of the “ rigid” spherical shell that 
he is considering is kept in equilibrium by its attraction towards the 
centre (i.e. its weight), and by the pressures tangential to great 
circles round the circumference of the shell (.e. the lateral thrust of 
the arch or dome), but he calculates the amount of the latter, and 
shows that it is independent of the size of the shell,—except so far 
as the size alters the weight; and I really fail to see the difference 
between this and stating, as I did, that each portion of the rigid 
crust is partly maintained in its place by the lateral thrust of the arch. 

(b.) Mr. Fisher’s next argument is that the rocks would crush 
under this pressure, and not rise up in anticlinals. But in order to 
crush there must be some space to crush into; and, by the Deposition 
theory, it is the lower beds that are undergoing compression, while 
the upper are not; and in order to relieve the compression, the upper 
beds must be forced up, either by fractures being formed and certain 
parts only raised, or else altogether into one or more dome-shaped 
elevations.” As the last requires much the least work, it is the way 
in which the pressure would be relieved. 


1 T find that this theory was first suggested by Mr. Scrope (Volcanoes, 1st edition, 
1825, p. 80), so that it has no right to the name of the Herschel-Babbage theory, as 
I previously called it. 


2 To prevent misconception, I must explain that by a dome-shaped elevation I do 
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On the other hand, by the contraction theory, the upper beds are 
subject to the greatest compression, and, having no weight upon 
them, they would undoubtedly crush. 

(c.) Mr. Fisher explains very clearly that the interior could not 
rise higher than the surface by its own pressure; but it does not 
necessarily follow from this “that any abnormal elevation of a por- 
tion of such crust must be owing to lateral pressure,” because it might 
be owing to an increased upward pressure, caused by the sinking of 
some adjoining area. It shows, however, that the anticlinals could 
seldom attain the full amount of elevation that is shown in my table, 
as the abutments must sink; but the table shows that there is an 
ample margin for such depressions. 

(d.) Mr. Fisher’s fourth argument is that the specific gravity of 
the disturbed rocks ought to be less than it was before. This would 
be the case, with the rocks that caused the movement, only while 
they were heated, and even then the difference would be too small to 
detect. When the rocks cooled by denudation, they would go back 
to their original length by faulting, and the specific gravity would 
be the same as before, or probably rather more, owing to compression. 
The granitic rocks, however, underlying the dome, would have their 
specific gravity lowered, and this accords with the best observations 
on mountain chains. 

These are all the arguments that Mr. Fisher can find against the 
Deposition theory, and they virtually resolve themselves into this 
question: when rocks are expanded by heat, do they, or do they not, 
crush up? The best answer is found by examining the rocks them- 
selves, where we find that extensive areas which have been deeply 
buried, and which must therefore have been considerably heated, are 
not crushed but thrown into anticlinal and synclinal curves; and the 
deeper they have been buried, the more they have been folded, except 
when the burying was so long ago that the former more rapid con- 
duction of the interior heat outwards appreciably affected the result. 

Mr. Fisher then attacks my illustration of the theory taken from 
the Weald. But the Weald was not “adduced to give verisimilitude 
to this theory,” as he supposes; neither did I “pretend” to any 
precise measurements, as any unprejudiced reader will see; but it 
was given as an example of the way in which the theory might be 
tested in the field. 

I have not access to any precise data as to the thickness of the 
beds, or the height or breadth of the anticlinal, and exact measure- 
ments would have been quite useless unless we also knew exactly the 
rate of expansion. In geological inquiries mathematical inves- 
tigation can only be used as acheck to our speculations, and as giving 
us limits beyond which we cannot go. 

The average thickness of the Cretaceous rocks was taken from 
Jukes’s Manual (1862, p. 602), and the height of the hills in the 
Weald from Lyell’s “ Hlements of Geology.” If the true thickness 


not mean that a horizontal section through it would necessarily be circular. It may 
be an ellipse, of which the major and minor axes may have any ratio. From this 
point of view all anticlinal curves are parts of dome-shaped elevations. 
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was understated, so much the more would my example tell against 
myself. The rocks below the Cretaceous formation were not taken 
into consideration, because they were the old surface, and had nothing 
tu do with raising the temperature. Neither did I ever regard the 
Wealden area as an isolated dome-shaped elevation; but the other 
elevated areas have, by the Deposition theory, nothing to do with the 
amount of elevation of the Weald. 

With reference to the latter part of the paragraph, it is, I believe, 
uncertain, whether the Tertiary rocks ever extended over the Chalk 
or not; at any rate the fresh-water beds, as well as the vegetable 
remains of the London Clay, show that land was then in the 
neighbourhood, which land must have been elevated since the 
deposition of the Chalk on the bottom of a deep sea. The depression 
succeeding the Woolwich beds no doubt took place after the dome of 
the Weald was formed; but I must leave these details to be worked 
be by those geologists who have an intimate local knowledge of the 

istrict. 

Hitherto I have confined myself to urging the claims of the 
Deposition theory; but as Mr. Fisher says that he has ‘“‘not had the 
good fortune to hear of the many arguments which have been urged 
against” the theory that he advocates, I will briefly state the reasons 
that have led me to reject the Contraction theory as giving a sufficient 
explanation of the formation of mountains. I do so with the less 
reluctance because nearly all opposing theories in Natural Science 
must ultimately be weighed by the balance of probabilities; and it is 
therefore just as important to argue against a theory as to argue in 
favour of it. 

My reasons for rejecting the Contraction theory are— 

1. Contraction of the globe would not produce any tangential 
pressures except in solid rock, so that the lateral compression must 
be confined to the crust. Consequently the more rapid contraction 
of the lower beds could only cause the upper beds to rise into 
anticlinals by one solid portion slipping horizontally over another 
solid portion. This appears to me to be mechanically impossible, 
because the resistance to shearing would be far greater than the 
resistance to crushing. Neither do we find in nature any horizontal 
faults, which ought, if the Contraction theory be true, to be numerous 
and on an enormously large scale. For instance, in the example 
given by Mr. Fisher (Trans. Cam. Phil., 1869, p. 15, fig. 3), the 
central part must have been horizontally faulted over the lower con- 
tracting beds for half a mile. In this way utter confusion would 
reign in stratigraphical geology; Paleozoic rocks would have slid 
for miles over Mesozoic rocks, Granites over Sedimentary rocks, ete. 
It is quite certain that nothing of the kind has taken place in any 
portion of the earth’s crust that has been examined. Nevertheless 
this view is accepted as probable by Prof. Shaler, when advocating 
the Contraction theory (Proc. Bost. Nat. Hist., 1866, and Got. Mae., 
Vol. V. p. 511), and Mr. Fisher appears to see no difficulty in the 
thrust being extended through 50 miles of rock (1. c. p. 15, fig. 3) 
when advocating the Contraction theory, although, when criticizing 
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the Deposition theory, he says (Grou. Mac. Vol. X. p. 249) that the 
thrust can only be supposed to extend to an infinitesimal distance. 

2. From the absence of any weight on the compressed rocks, from 
the impossibility of one part slipping horizontally over another, 
and from the absence of any support if one part should rise up into 
an anticlinal, we may, I think, confidently assert that the crust of 
the earth would simply crush up from the effect of contraction, and 
rise uniformly over the whole surface. Mr. Fisher’s formula for the 
elevation should therefore be h = ke, instead of h=rkme. 

3. If, however, for the sake of argument, it be granted that 
the strata did not crush, but rose up along the lines.of least re- 
sistance, it seems to me that these lines would take radiating 
directions from an area of depression; and that when these lines 
were established, whatever might be their direction, the elevation 
should be continuous on them. The theory therefore seems to 
offer no explanation of oscillations of level, unless the Deposition 
theory is called to its aid, as Mr. Fisher seems inclined to do. Prof. 
Dana, however, when stating the Contraction theory (Geology, 18638, 
p. 718, etc.), appears to see no difficulty from this cause, but he 
gives no explanation of the phenomenon. 

4, Also, the same being granted as before, as the upper beds must 
undergo the greatest compression, the foldings would commence on 
the surface and be propagated downwards in decreasing amount. 
But as all sedimentary beds must at one time have been at the 
surface, and as the whole of the surface contracts, it follows that all 
strata should be contorted in proportion to their age;' whereas we 
know that there are large districts in Russia and North America 
formed of undisturbed Palzozoic rocks, while in the Alps, etc., we 
have highly-contorted Tertiary beds. 

5. The theory also entirely fails to anand for strata being 
elevated without disturbance, unless we suppose such an enormous 
amount of horizontal slipping of one bed over another as is mani- 
festly impossible. 

6. If, however, as appears to me to be certain, the rocks must 
crush, and rise tolerably uniformly, it is evident that the theory is 
quite inadequate to account for mountains; because, as the con- 
traction is universal, the sea would rise more than the land, and the 
result would be that after the contraction, the sea would stand higher 
above the land than it did before. If, therefore, we consider the 
earth when the crust was first formed, and when it was surrounded 
by a universal ocean, we see that no land could rise above the water 
from contraction, but that, on the contrary, the ocean would gradually 
deepen. 

7 Mr. Fisher assumes, without giving any reasons, that since the 
date of the present surface-features of the earth, a shell 500 miles in 
thickness has contracted as much as rock would do in passing from 
a fused to a devitrified state. But is this a reasonable assumption ? 
I think not. It is certainly quite as reasonable to suppose, with 


1 Because the older the stratum, the larger must be the proportional space over 
which it was originally spread. 


Capt. F. W. Hutton—On the Formation of Mountains. 27 


Sir W. Thomson, that it is 100 millions of years since the crust of 
the earth cooled; and if we suppose that the oldest Laurentian rocks 
date from this period (which is the most favourable supposition that 
can be made for Mr. Fisher), then the Cambrian period will probably 
date about fifty millions of years ago,’ and it is as reasonable a sup- 
position as can be made that, of the other fifty millions of years, 
thirty-nine were occupied by the rest of the Palaeozoic era, nine by 
the Mesozoic era; and two by the Cainozoicera.*? So that if we suppose 
the present surface-features to have originated in the Triassic period, 
it follows that 11 millions of years is the oldest date that can be 
assigned to any of them. This, according to Fourrier’s estimate of 
the rate of cooling of the earth, is only sufficient time to allow it to 
decrease 83° F'., which is not nearly enough to give the amount of 
contraction supposed by Mr. Fisher.’ 

8. We can look at this question in another way. If, as Mr. Fisher 
supposes, the surface of the earth has contracted one mile in a 
hundred since the present surface-features originated, and the cir- 
cumference is now 24,856 miles, it must at the time supposed have 
been 25,104 miles in circumference; and the radius, which is now 
3956 miles, must then have been 3995 miles; so that it must have 
shrunk 39 miles. This in 11 millions of years would be 11:9 yards 
in 2000 years, or since the time during which we have astronomical 
observations. 

9. If, however, we allow, for the sake of argument, all Mr. Fisher 
asks, namely, that a mountain half a mile high might be formed on 
every 100 miles since the present surface-features originated, we 
then find that, taking the date of the surface as before, Mr. Fisher’s 
mountain has taken eleven millions of years to rise 2640 feet; or it 
has risen only one foot in 4166 years, which is less than the rapidity 
of denudation. Mr. Fisher, therefore, is in this dilemma: either 
the contraction of the earth has been so rapid that it ought to have 
been noticed by astronomers; or the elevation of land has been so 
slow that it could not rise above the ocean. 

10. Another important objection to the Contraction theory is that 
mountains have always been formed in those places where deposits 
have been heaviest, while by that theory those areas should never 
rise at all. Mr. Fisher says that “the local pressure caused by a 
fresh deposit . . . will originate a line of elevation along its shore 
line or boundary,” and also “ the thickness of the rigid crust being 
increased by the new deposit, it would offer an impediment to the 


1 Mr. A. Wallace, on quite independent grounds, puts it at; twenty-four millions 
for the Cambrian, and fourteen millions for the Triassic period. (Nature, i. p. 454, 
3rd March, 1870.) . 

2 These proportions are taken from the thickness of the various formations in the 
Northern Hemisphere. In New Zealand the geology is not yet sufficiently advanced 
to enable us to ascertain the thickness of the formations; but I am of opinion that 
the proportions between them will be found to be not very different from those that 
obtain in England. 

3 According to Sir W. Thomson’s theory, eleven million of years ago the interior 
temperature increased at the rate of 1° F. in 47 feet, so that the radiation was very 
little more than it is now. 
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elevation of ridges beneath it, and throw the whole disturbance into 
the region just outside its boundary.” 

11. I have pointed out in my previous papers on this subject that 
mountains are formed on two different plans: the one associated 
with volcanic rocks, the other with the crystalline schists; but the 
Contraction theory supposes that all mountains are identically formed. 

12. My last objection to the Contraction theory is that it makes no 
provision for tension in rocks, although faults prove tension just as 
surely as contortions prove compression. 

I am, therefore, of opinion that the effects on the crust of the earth 
caused by contraction have been very small, and that these effects 
have been totally obliterated by the much larger effects caused by 
deposition. 

In conclusion, I wish to explain that I do not consider it necessary 
that the whole of an area should have been under water in order 
that it may be raised by the deposition of limestone; for, owing to 
the lateral conduction of heat, one or more mountain ranges might 
project out of it as islands. Indeed, I believe that all high mountain 
ranges are the result of several subsidences and elevations, during 
which they may never have totally disappeared under the ocean. 


VIII.—Ossrrvations on Mr. Roprrt Matirt’s Parer on VoLcanic 
Enrerey In THE PaiLosopHicaL Transactions For 1873, 
PAGE 147, 
By G. Povnerr Scrorz, F.R.S., F.G.S. 


HILE giving ample credit to Mr. R. Mallet for the ingenuity 
displayed in his novel suggestion as to the cause of volcanic 
energy (or Vulcanicity, as he calls it), and for the elaborate experi- 
ments and calculations which he brings to its support, Geologists 
have some reason to complain of the supercilious tone in which he 
notices, only to throw them aside as unworthy of notice, the theories 
of all preceding writers on the same subject, who have expressed 
views differing from that which he adopts. It is needless to give 
instances of this tone which pervades the whole paper, and must 
strike every one who reads it. 

It is, however, more important to eonsider—not the manner in 
which Mr. Mallet’s theory is brought forward—but the truth and 
soundness of the arguments adduced by him in its favour. And for 
this purpose we shall endeavour to examine impartially some at 
least of the points it contains that bear on the geology of the 
question. 

Mr. Mallet adopts the same view of the force which has produced 
the elevations and depressions of the surface-rocks of the globe, 
with their wrinkled foldings and frequent fractures, as MM. Cordier, 
Dana, Constant Prevost, Elie de Beaumont, O. Fisher, and many 
other speculators in geological dynamics, viz. the tangential pressure 
to which they are supposed to have been subjected under the influ- 
ence of gravitation by the shrinkage and consequent subsidence of 
an internal heated and slowly cooling nucleus. I do not here pro- 
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pose to call in question this theory, upon which I have in more 
than one previous communication to this MaGazine briefly ad- 
verted.! 

The theory which is peculiarly Mr. Mallet’s own, and is founded 
upon the assumed truth of that just cited, finds the source of all 
volcanic heat and consequent energy in the collision and crushing of 
these subsiding rocks. Now the first remark to which this theory is 
open is that it seeks and purports to find a second source of the heat 
notoriously proceeding from the interior of the globe towards its 
surface, and thence into outer space, where one already, ex hypothesz, 
exists fully sufficient for the purpose. This outward escape of heat 
from within the crust of the globe takes place in three modes, viz. : 
1st, probably upon every point of its surface, by conduction through 
the outer rocks, as proved by the nearly uniform downward increase 
in temperature, perceptible in borings, wells, mines, and other ex- 
perimental trials; 2nd, by warm and often very hot springs that rise 
to the surface; and 3rd, by the escape of still more highly heated 
water in the shape of steam, and also of fused rocks (lava) in 
volcanic eruptions. Now Mr. Mallet admits that in the two former 
of these modes, the escaping heat proceeds from the heated nucleus 
below ; to which loss of heat, of course, he attributes the cooling 
and consequent shrinking of that nucleus. But to the heat that 
escapes in the third mode—that of volcanic eruptions—he ascribes a 
totally distinct and independent origin, namely, the conversion into 
heat of the crushing force to which the subsiding crust is, according to 
him, subjected. The greater number of hot springs known to physical 
geographers are, however, unquestionably found in close connexion 
with volcanoes or volcanic rocks, some welling out from the craters 
themselves; and it is impossible to suppose that these owe their high 
temperature to a source wholly different from that of the steam 
which rises in and from the lava of the adjoining volcanic vent. 
There is no difficulty in understanding how the great fissures in the 
solid crust of the globe, which are marked outwardly by trains of 
active, or once active, volcanoes, may penetrate so far into the 
interior of the heated nucleus as to give vent to an amount of heat 
sufficient to fuse the rocks through which they pass, and to some of 
the already fused or viscid underlying matter. 

I have more than once explained in the pages of this Macaztng, 
and elsewhere, in what mode it is probable that local inequalities of 
temperature in the sub-cortical matter of the globe are produced 
by heat, prevented from escaping through accruing thicknesses of 
superficial stratified deposits of very low conductivity, accumulating 
beneath them, and thence being drawn off laterally through the 
more or less open rents which local variations of temperature, and 
consequently of volume, must occasion in the matter underlying the 
crust.” 


1 Grou. Mac. Vol. X. No. 7, July, 1878. 

2 See Grout. Maa. July, 1878, and March, 1870; also “ Volcanoes,” ed. 1862, 
Pp. ae and Mr. H. Woodward’s Presidential Address to the Geological Association 
or 1873. 


380 Poulett-Scrope—On Mallet’s Theory of Volcanic Energy. 


We are not then compelled to seek for any other source of volcanic 
heat than that which even Mr. Mallet is obliged to employ as the 
“primum mobile” of his theory, namely, the heated nucleus itself. 
Mr. Mallet does not deny that it is to this source the downward 
increasing temperature of the surface of the globe is owing,—nay, 
as has been seen, he attributes to it likewise the high temperature 
of hot springs: why then stop there, and look for another totally 
different origin in the case of the heat of lava and the steam evolved 
from it? This second source of heat is plainly not wanted to 
explain the latter class of phenomena, so closely allied, as I have 
said above, with the former. 

I suspect Mr. Mallet has but an imperfect acquaintance with the 
phenomena of volcanoes in activity, or he would not speak as he 
does (§ 190) of the expenditure of heat in the explosions of steam 
from a volcano in eruption as ‘‘ not resembling that which takes place 
from a steam engine, but rather that of powder exploded in a cannon, 
. . . the loss from which is shown by experiment to be much 
smaller.” The contrary is really the case; the explosions from a 
volcano in activity resembling precisely in character (and apparently 
in cause) those of a Perkins steam-cannon fed by a continuous escape 
of steam from a boiler. Explosions of this character continue in 
some cases unintermittently for months, and the amount of heat so 
lost in space must be immense. 

Again, Mr. Mallet says (§ 187), ‘Observations made everywhere 
on volcanic cones indicate that but a very small proportion of their 
total mass has been fused: the rest having been merely heated. It 
is probably below the truth to assume that there are twenty volumes 
of such heated matter (dust, lapilli, scoriz, etc.) to one of fused 
lava.”’ This also is the very reverse of the truth. Of the frag- 
mentary matter ejected by an eruption, at least nineteen-twentieths 
have been fused, being mere scoriz, that is, the hardened scum of 
the boiling lava thrown up by explosions from its surface, and by 
their repeated fall into the crater and re-ejection, triturated by col- 
lision in the air into the “lapilli and dust” of which volcanic ash 
and conglomerates are mostly composed. Moreover, in any attempt 
to calculate the heat expended by volcanic eruptions, we ought to 
take into account not only the mass of the cones themselves (to 
which Mr. Mallet confines himself), but likewise that probably far 
larger volume of once fused matter which has been carried away in 
the form of dust by the winds (or waves) and spread over thousands 
of square miles of the surrounding areas. 

This mistaken view of the origin of ‘volcanic ash” is the source 
of a fundamental error in Mr. Mallet’s classification of volcanic 
action into two kinds, which he distinguishes as the ‘ hydrostatic” 
and the “explosive or existing volcanic action,” and attributes to 
them entirely distinct dates in the globe’s history. “The com- 
mencement,” he says (§ 79), “of existing volcanic action... . 
probably does not go back much beyond the end of the Secondary 
period, if so far. Prior to that, Vulcanicity seems to have been de- 
veloped in the welling-up of huge volumes of liquid rock between 
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severed masses, or masses of heated dust, or so-called ash, but with- 
out ejecta due to elastic steam. ... . The so-called deposits of 
‘‘volcanic ash,” the trap-dykes and porphyry-bosses of the Silurian 
rocks in the south of Ireland and North Wales, etc., are evidences 
of igneous action indeed, but of that hydrostatic character which 
preceded the explosive volcanic action of the present epoch. 

Now there is certainly no reason to suppose the “ash,” which is 
so largely developed among the eruptive rocks of Silurian age, to owe 
its origin or the comminution of its particles to any other cause than 
that which threw up and triturated the volcanic ash of more recent 
formations. Mr. Mallet seems to consider the former to have been 
produced in some obscurely hinted way under-ground (perhaps by 
his crushing process), and to have ‘“ welled up” some how or other, 
together with the “volumes of liquid rock (lava)” by “hydrostatie” 
pressure, ‘without any ejections due to elastic steam.” The notion 
of such a process is not merely without reasonable foundation, but 
is indeed unintelligible. That some of the plutonic crystalline rocks 
“welled up” in a more or less liquefied state, through fractures in 
the crust, unaccompanied by explosive ejections of scoriz or ash, 
is highly probable, and seems proved by the absence of beds of such 
fragmentary character in their neighbourhood. Such eruptions 
perhaps took place mostly under the ocean, the weight of water 
above the vent preventing the outward explosion of steam bubbles. 
And it is probable that similar formations are even now going on 
among submarine volcanoes. But that the explosive and “hydro- 
static” action of volcanoes belongs severally to different eras of the 
earth’s history, the one “earlier than the end of the Secondary age,” 
the other beginning then and extending to our own time, is wholly 
imaginary, and contradicted by indisputable geological-facts. 

This unauthorized notion of the existence of vast masses of “dust” 
beneath the earth’s crust pervades much of Mr. Mallet’s theoretical 
view of the cause of ‘“‘hypogeal disturbances.” He speaks of the 
water of the ocean above penetrating through crevices to such masses 
“of crushed and crumbled rock at a ved heat,” filtering through 
them as water does through red-hot sand in our furnaces (§ 211), 
and eventually boiling up as ‘‘boursoufilé lava.” 

All this is of course mere conjecture. 

These examples are given here to show how imperfect are the data 
on which Mr. Mallet bases his calculations as to the amount of heat 
lost by the globe through the action of its volcanoes. But the data 
for forming any opinion on the opposite side of the proposed 
equation—viz. the amount of heat produced by the crushing of the 
rocks composing the solid crust of the earth through their subsidence 
from gravitation towards a shrinking nucleus—are of a character still 
more vague and uncertain; so much so, indeed, as to render any 
calculation upon them perfectly illusory. What reliable measure 
can be obtained of the rate of cooling of the heated nucleus of the 
globe ? of its consequent shrinkage ? of the crushing force thus 
exerted on the more or less solid crust, or the amount of heat thereby 
developed? Calculation is wholly out of place where the data on 
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which it proceeds consist of such unascertainable quantities. For 
example, take Mr. Mallet’s experiments on the crushing force of 
various rocks. These will, no doubt, be valuable to architects and 
engineers ; but, being made upon small cubical blocks in a dry state, 
at the temperature of 57°, and subject on four of their sides to no 
other resistance than that of the atmosphere, are wholly inconclusive 
as to the effect of pressure on similar rocks miles under ground, 
permeated with water, at temperatures probably far exceeding 
1000°, and in contact on all sides with resisting media at least as 
unyielding as themselves. Moreover, the effect of pressure upon 
mineral matter at exceedingly high temperatures in raising or 
lowering their fusing points is, from the difficulty of conducting the 
experiments, as yet, I believe, extremely obscure. And this addi- 
tional source of uncertainty is not touched upon in Mr. Mallet’s 
investigations. 

Mr. Mallet’s further experiments on the contraction of rock matter 
in passing from a state of liquid fusion to one of solidity by loss of 
heat are useful, as reducing the probably exaggerated estimates of 
Bischoff, who set down the loss of volume in granite on cooling at 
nearly one-fourth, while Mr. Mallet places that of basic slag-matter 
at about six per cent., and of acid silicates at considerably less. 
But Mr. Mallet himself adds that “as applied to our globe it is 
highly probable that any inferences that may be drawn from these 
experiments must be subject to the changes in volume that may 
have arisen as the mass cooled from changes in its molecular 
arrangement, such as that from the vitreous to the crystalline con- 
dition, data for which are unknown” (§ 178). 

All then that Mr. Mallet is entitled to say is that, on the hypothesis 
of a gradually cooling globe, some, portion of the heat which is sensibly 
perceived to escape from its interior by conduction through the 
superficial rocks, and convection by means of hot springs and vol- 
canic eruptions, may possibly be generated by the compression or 
crushing of the crust as it follows the shrinking nucleus. Any 
attempt to measure the amount of heat produced in this manner, and 
to compare it with that which directly proceeds from the trans- 
mission outwardly of the original heat of the interior, is, I think, 
in the present state of our knowledge of that interior, and of the 
forces acting there, unprofitable, or at all events premature. Indeed, 
Mr. Mallet himself admits (§ 181) that “we are obliged by the 
phenomena of hypogeal temperature to conclude that “by far the 
largest pr oportion of the heat annually lost reaches the surface from a 
cooling nucleus.” Where then, I ask, is there any evidence that the 
remaining fractional portion of this heat is really produced by com- 
pression of subsiding rock, and is ‘“‘the true source of volcanic 
energy, as Mr. Mallet maintains it to be ? 

Mr. Mallet’s theory fails, I think, to account for the moa that 
volcanic eruptions are almost wholly confined to certain lines or 
bands traversing the earth’s surface, and apparently indicating the 
existence through long geologic ages of great rents in the solid crust, 
the direction of which is generally parallel to the coast outlines of 
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the continents or the axes of their mountain ranges.: If we suppose 
these continents to be the result of the unequal subsidence of large 
areas of the crust, some remaining at high, others sinking to lower 
levels, and forming the oceanic basins, it is intelligible that along the 
bounding lines separating the sunken from the elevated areas, rents 
should have been formed! deep enough in some places to give 
issue to some of the heat and mineral matter still in a fused or 
viscous state beneath—rents which every subsequent disturbance of 
the adjacent areas would probably deepen or enlarge, occasioning a 
more or less interrupted sequence of eruptions. But it is not easy 
to understand why, on Mr. Mallet’s theory of the source of volcanic 
* energy, its development should be confined to these circa-continental 
bands. It would seem more likely that intense crushing of the 
subsiding rocks and consequent production of heat would occur 
uniformly at every point of the spherical envelope ; or, if anywhere 
at a maximum, that this would be beneath the centres of elevated 
areas, rather than on their outer limits ; on which supposition 
the once fused plutonic masses which so often form the axial 
portions of elevated ranges, and throw off on either side the 
superficial strata, may owe their expansion and rise in part to the 
heat proceeding from the extreme crushing force concentrated at 
those points. Yet even as regards these eruptive rocks, the 
porphyries, granites, serpentines, etc., the presumption would seem to 
be that their swelling up was owing to the expansion occasioned by 
an increased flow of heat from beneath into the crystalline and semi- 
elastic subterranean matter, causing it to fracture and force up the 
overlying beds of rock, and sometimes even to overflow the surface. 

With regard to the modes in which volcanic heat, however origin- 
ated, operates in fusing or liquefying portions of subterranean rock, 
forcing it in this state up more or less deep and narrow fissures, and 
expelling it on the surface as lava, or steam-ejected scoria, etc., 
Mr. Mallet’s views are neither original, nor, indeed, consistently 
reasoned out. He follows those geologists, Lyell, etc., who consider 
eruptions to be occasioned by the influx of water from seas or lakes 
above through fissures into foci of heated lava below. And he 
rejects as wholly untenable the notion that water could have origin- 
ally existed in molecular combination with the crystalline matter 
of the rocks before they were melted into lava. Yet he admits 
that there is no limit to the depth to which water may infiltrate by 
capillarity into the subterranean rocky matter, and that portions of 
this so permeated with water may have been fused and reconsoli- 
dated again and again. So also he ridicules the idea, which 
he ascribes to Hopkins, of the existence of subterranean lakes, 
or local reservoirs of lava. Yet he himself supports that of sepa- 
rate foci, or localized portions of melted rock at different points 


1 Such rents may be compared to those produced along the edges of a sheet of ice 
on a pond or river, from which the water beneath has been lowered in level; or still 
more closely to those lateral rents formed in a sheet of lava as its interior subsides on 
cooling, or escapes laterally, of which the Almanayia in Iceland is a typical example. 
See “ Volcanoes,’ ed. 1862, p. 77. 
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and depths within the volcanic fissure ;' which seems to be much the 
same thing, and is certainly no original idea. Again, Mr. Mallet 
contumeliously rejects the common notion that volcanic eruptions 
act as “safety-valves” to the force which would otherwise produce 
destructive earthquakes.” Yet he himself argues that his crushing 
mechanism for producing the heat at intervals, which gives rise to 
volcanic eruptions, obviates the occurrence of paroxysmal ‘“Cata- 
clysms” which would probably destroy all living things upon the 
globe’s surface. And what can be meant in this connexion by ‘“Cata- 
clysms” but earthquakes of tremendous violence ? 

Mr. Mallet claims for his theory the special merit of explaining ~ 
the intermittent action of volcanoes, as well as the shifting of the 
active vents from one point to another of the main volcanic bands 
(§ 218). But these characteristics of volcanic action have been far 
more reasonably accounted for by the fact that the violent discharge 
of steam and lava during an eruption exhausts the energy of a 
volcano for a time; the lava sinking within the vent, and through 
the outward loss of heat cooled down and caked over with a solid 
crust, which for a time resists any further expansion by decrease of 
heat from below—perhaps even seals up the vent so firmly that 
the intumescent lava and vapour find an easier issue in some other 
more or less distant and weaker point of the main line of fracture 
(See Volcanoes, p. 41 et seq., 228, etc.) 

On the whole, while I admit the plausibility of Mr. Mallet’s 
suggestion that some local development of heat must attend the 
crushing and squeezing of rocky matter during the internal move- 
ments to which their fractures and contortions, as well as the slaty 
cleavage of many, prove them to have been subjected, it appears to 
me that the phenomena rather indicate as the true source of the 
heat which has evidently occasioned the eruptions of both plutonic 
crystalline rocks and of volcanic lavas, that intensely heated interior 
(or nucleus), the existence of which is the first postulate of Mr. 
Mallet’s own theory. And to the lateral shifting of the wave of heat 
outwardly transmitted from this source,—shifting caused by the 
varying impediments offered to the outward escape of this heat by 
conduction through superficial deposits,—I prefer to ascribe the 
internal movements that are observable alike in earthquakes and 
volcanoes, in elevations and depressions of the crust, and extravasa- . 
tions of the internal heated matter. 
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On THE GEOLOGICAL CONDITIONS AFFECTING THE CONSTRUCTION OF A 
TUNNEL BETWEEN ENGLAND AND FRancr. By Josupu PrEstWwIcy, 
F.R.S., F.G.S., Assoc. Inst. C.H. 


Being the substance of a paper read before the Institution of Civil Bnpineers on 
Tuesday, December 9th, 1873. T. Hawksley, Esq., President, in the Chair, 


HB author, in this paper, reviewed the geological conditions of 

all the strata between Harwich and Hastings on one side of the 

Channel, and between Ostend and St. Valery on the other side, with 
1 § 114. 2 § 221, 
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a view to serve as data for any future projects of tunnelling, and to 
show in what directions inquiries should be made. ‘The points con- 
sidered were the lithological characters, dimensions, range and 
probable depth of the several formations. The London-clay, at the 
mouth of the Thames, was from 200 feet to 400 feet thick, while 
under Calais it was only 10 feet, at Dunkirk it exceeded 264 feet, 
and at Ostend it was 448 feet thick. He considered that a trough 
of London clay from. 300 feet to 400 feet, or more, in thickness, ex- 
tended from the coast of Essex to the coast of France, and, judging 
from the experience gained in the Tower Subway, and the known 
impermeability and homogeneity of this formation, he saw no diffi- 
culty, from a merely geological point of view, in the construction of 
a tunnel, but for the extreme distance—the nearest suitable points 
being 80 miles apart. The Lower Tertiary strata were too unim- 
portant and too permeable for tunnel work. The Chalk in this area 
was from 400 feet to 1000 feet thick; the upper beds were soft and 
permeable, but the lower beds were so: argillaceous and compact as 
to be comparatively impermeable. In fact, in the Hainault coal- 
fields they effectually shut out the water of the water-bearing 
Tertiary strata from the underlying Coal Measures. Still, the 
author did not consider even the Lower Chalk suited for tunnel 
work, owing to its liability to fissures, imperfect impermeability, 
and exposure in the Channel. The Gault was homogeneous and im- 
permeable, but near Folkestone it was only 130 feet thick, reduced 
to 40 feet at Wissant, so that a tunnel would hardly be feasible. 
The Lower Greensands, 260 feet thick at Sandgate, thinned off to 50 
feet or 60 feet at Wissant, and were all far too permeable for any 
tunnel work. Again, the Wealden strata, 1200 feet thick in Kent, 
were reduced to a few unimportant rubbly beds in the Boulonnais. 
To the Portland beds the same objections: existed as to the Lower 
Greensands, both were water-bearing strata. The Kimmeridge-clay 
was 360 feet thick near Boulogne, and no doubt passed under the 
Channel, but in Kent it was covered by so great a thickness of 
Wealden strata as to be almost inaccessible; at the same time it 
contained subordinate water-bearing beds. Still, the author was of 
opinion that, in case of the not improbable denudation of the Port- 
land beds, it might be questionable to carry a tunnel in by the 
Kimmeridge-clay.on the French coast: and out by the Wealden beds 
on the English coast. The Oolitic series presented conditions still 
less favourable, and the lower beds had been found to be water- 
bearing in a deep Artesian well recently sunk near Boulogne. ‘I'he 
experimental deep boring’ now in progress near Battle would throw 
much light on this part of the question. 

The author then passed on to the consideration of the Paleozoic 
series, to which his attention was more particularly directed while 
making investigations, as a member of the Royal Coal Commission, 
on the probable range of the Coal Measures under the South-Hast of 
England. He showed that these rocks, which consisted of hard 
Silurian slates, Devonian and Carboniferous Limestone, and Coal 
Measures, together 12,000 feet to 15,000 feet thick, passed under 
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the Chalk in the North of France, outeropped in the Boulonnais, 
were again lost under newer formations near to the coast, and did 
not reappear until the neighbourhood of Frome and Wells was 
reached. But, although not exposed on the surface, they had been 
encountered at a depth of 1032 feet at Calais, 985 feet at Ostend, 
1026 feet at Harwich, and 1114 feet in London. They thus seemed 
to form a subterranean table land of old rocks, covered immediately 
by the Chalk and Tertiary strata. It was only at the southern flank 
of this old ridge that the Jurassic and Wealden series set in, and 
beneath these the Paleozoic rocks rapidly descended to great depths. 
Near Boulogne these strata were already 1000 feet thick; and at 
Hythe the author estimated their thickness might be that or more. 
Supposing the strike of the Coal Measures and the other Palzozoic 
rocks to be prolonged from their exposed area in the Boulonnais 
across the Channel, they would pass under the Cretaceous strata 
somewhere in the neighbourhood of Folkestone, at a depth estimated 
by the author at-about 300 feet, and near Dover at about 600 feet, 
or nearly at the depth at which they had been found under the 
Chalk at Guines, near Calais, where they were 665 feet deep. These 
Paleozoic strata were tilted at high angles, and on the original 
elevated area they were covered by horizontal Cretaceous strata, the 
basement beds of which had filled up the interstices of the older 
rocks as though with a liquid grouting. The overlying mass of 
Gault and Lower Chalk also formed a barrier to the passage of 
water so effectual, that the Coal Measures were worked without 
difficulty under the very permeable Tertiary and Upper Chalk of 
the North of France; and in the neighbourhood of Mons, notwith- 
standing a thickness of from 500 feet to 900 feet of strata charged 
with water, the Lower Chalk shut the water out so effectually that 
the Coal Measures were worked in perfect safety, and were found to 
be perfectly dry under 1200 feet of these strata combined. No 
part of the Straits exceeded 186 feet in depth. The author, there- 
fore, considered that it would be perfectly practicable, so far as 
safety from the influx of the sea-water was concerned, to drive a 
tunnel through the Paleozoic rocks under the Channel between 
Blane Nez and Dover, and he stated that galleries had actually been 
carried in coal, under less favourable circumstances, for two miles 
under the sea near Whitehaven. But while in the case of the 
London clay the distance seemed almost an insurmountable bar, here 
again the depth offered a formidable difficulty. As a collateral 
object to be attained, the author pointed to the great problem of 
the range of the Coal Measures from the neighbourhood of Calais in 
the direction of Hast Kent, which a tunnel in the Paleozoic strata 
would help to solve. These were, according to the author, the 
main conditions which bore on the construction of a submarine 
tunnel between England and France. He was satisfied that on 
geological grounds alone, it was in one ease perfectly practicable, 
and in one or two others it was possibly so; but there were other 
considerations besides those of a geological nature, and whether or 
not they admitted of so favourable a solution was questionable. In 
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any case, the author would suggest that, the one favourable solution 
admitted, it might be desirable, in a question involving so many and 
such great interests, not to accept an adverse verdict without giving 
all those considerations the attention and deliberation which the im- 
portance of the subject deserved. 

Granting the possibility of the work in a geological point of view, 
there were great and formidable engineering difficulties; but the 
vast progress made in engineering science during the last half 
century led the author to imagine that they would not prove in- 
surmountable, if the necessity for such a work were to arise, and the 
cost were not a bar. 


REVIEWS. 
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I.—Tuer Coat Recions or AMERICA: THEIR TopoGRAPHY, GEOLOGY, 
AND DevEeLormEent. With a Coloured Geological Map of all the 
Coal Regions, and numerous other Maps and Illustrations. By 
James Macrartane, A.M. Royal 8vo. pp. 680. (New York: 
D. Appleton & Co. London: Triibner & Co. 1873.) 


R. MACFARLANE’S work forms a most important addition to 
the geological literature of coal, and being well posted up as 
regards all the latest Reports of the Government Surveys, conducted 
by the best geologists in the United States, it may be looked upon as 
a most valuable addition to, and even as: superseding, to a great ex- 
tent, those works on the subject published some years. since—such, 
for instance, as Taylor’s “Statistics of Coal,” and Prof. Rogers’ 
“‘Geology of Pennsylvania.” 

The author points out that in America, as in this country, both 
anthracitic or steam coal and bituminous coals occur; but the com- 
parative abundance is very different, asis also the relative distribution. 

By far the most important and the best known coal, says Mr. 
Macfarlane, is anthracite. It is the universal fuel for domestic use 
in the United States, in preference to all other kinds of coal (p. 7). 
The largest area for this coal is that of the Anthracite Coal-fields 
of Pennsylvania, the total extent of which is 472 square miles, 
having an average thickness of 100 feet of coal. 

The other regions, as the first or Alleghany Coal-field, the Penn- 
sylvanian bituminous regions, the semi-bituminous coal regions of 
Blossburg, ete. (which latter, with 53 working companies, produced 
in 1871 a yield of 2,714,790 tons), the bituminous coal regions of 
Western Pennsylvania, Maryland, West Virginia, Ohio, Eastern 
Kentucky, Tennessee, Alabama, Michigan, Indiana, Illinois, Western 
Kentucky, Iowa, Nebraska, Missouri, Kansas, Arkansas, and Texas, 
are treated at considerable length, carefully prepared sections and 
maps being furnished to each area, showing the extent and thickness 
of the seams. 

Chapters are also devoted to the Triassic Coal of Virginia and 
North Carolina; the Cretaceous Coal of the Rocky Mountains, 
Colorado, Wyoming Territories, and the Pacific Coast ; besides the 
extension of the Carboniferous series into Canada and Nova Scotia. 
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Great as is the area of the Coal-formation in the United States, yet 
thirteen out of the thirty-seven States composing the Union con- 
tain no coal whatever of any kind. 

“There are, therefore, very extensive districts in the United States 
destitute of Coal, and many of them the most thickly populated and 
the largest consumers of fuel. 

“Of the various Coal-fields, four deserve special notice. The first 
of these is the Appalachian, or, more properly, the Alleghany, and is 
of continental dimensions, being 875 miles in length, and extending 
through important parts of seven States in a N.H. and 8.W. direction, 
from 80 to 180 miles wide, and producing a great variety of the best 
qualities of coal. 

“The second Coal-field occupies the central part of the State of 
Michigan ; but, although of large area, the seam is thin and ef poor 
quality. 

“The third great Coal-field is of enormous dimensions, covering 
two-thirds of the large State of Illinois, the western part of Indiana, 
and the western part of Kentucky. Though inferior in quality to 
the best coal of Pennsylvania, it is abundant and cheap. 

“The same remark applies to the fourth Coal-field, which covers 
the south-western part of Iowa, the best portions being along the 
Des Moines River. It also extends southwards, over a large area, in 
northern Missouri, and into the eastern part of Kansas, the seams 
being generally thin in all these States. 

Maryland sends annually 2,000,000 tons of coal out of its bound- 
aries, Virginia 250,000, Ohio ships 500,000, Pennsylvania mined in 
1871 about 24,000,000 tons, of which 15,000,000 tons were anthra- 
cite and 9,000,000 tons of various qualities of bituminous coals. 

Having regard to the enormous area of the Coal-fields of the 
United States, containing in all 192,000 square miles, besides the 
ignites of the Far West, the vast quantity, great variety, accessi- 
bility, and wide distribution of their stores of coal, which, up to the 
present time, have hardly been developed to any really great extent, 
it is, as the author justly observes, the manifest destiny of America 
soon to become the greatest coal-producing country in the world. 

The following table shows the relation between area and produc- 
tion of the various Coal-producing countries of the world (given on 
p. 674 of Mr. Macfarlane’s admirable work). 


5 s 
Coal-producing Countries. serenade Date. Tons. ne era 
The United States ......-.cecccscccecee 192,000 1872 | 41,000,000 18°66 
INOW ISOOWTD.” Gaod5od odenosonansantentoa 18,000 1871 673,242 0:31 
Greatebritain) Soe. uk, we EA Sa 11,900 1871 | 117,352,028 53°41 
Tran ce ee eG) Laan a a 1,800 1867 | 12,148,228 5:54 
Beleimmpeey ee hee Cia ee ’ 900 1871 18,671,470 6:23 
russiavaca eee cece ue awccee cutee dee 1,800 1869 | 26,774,368 12°19 
JANISUTIO MS hte w eee een NCE cia ial 1,800 1862 4,525,783 2:02 
Spain cin eee Milner hy 3,000 | 1869 | 593,033 27 
Chili, Australia, India, China, ete... 28,800 1872 3,000,000 1:37 
Totalp ioe oes es es 260,000 | 219,738,147 100: 
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TI.—On Coat at Home anp ABROAD WITH RELATION TO CoNSUMPTION, 
Cost, Dremanp, anp Suppty, Erc., nto. By J. R. Leroux, 
M.A. 8vo. pp. 142. (London: Longmans, Green & Co., 1873.) 


R. LEIFCHILD’S book “On Coal at Home and Abroad” con- 

sists of three articles originally contributed to the “ Hdinburgh 

Review” in 1860, ’67, and ’73; the first “On the Coal-fields of 

North America and Great Britain,” the second ‘‘ On Fatal Accidents 

in Coal-mines,” and the third “On the Consumption and Cost of 
Coal.” 

Taking the last article first, the author inquires into the causes of 
the increased consumption and consequent advanced price of this 
important commodity. Mr. Leifchild shows that the great increase 
is due to the rapid general extension of our national industries, the 
return of prosperity after a weary interval of depression, and a 
revival of some particular industries which require a large supply of 
coal. 

The chief of these are the production of iron, copper, lead and 
other metals; our cotton and woollen manufactures also absorb a 
considerable quantity ;- besides which the various forms of steam- 
power now make a very large demand upon the extraction of coal ; 
thirty millions of tons being the annual requisite for all steam pur- 
poses in manufactures and navigation. 

The manufacture of gas for lighting probably consumes one-ninth 
of all the coal raised, whilst the domestic consumption may amount 
in round numbers to twenty millions of tons; which, according to 
the present increase of the population, would require an addition of 
one million of tons every five years. 

“From the continual operation of these combined causes, the 
reader will be prepared to credit the astonishing progress of coal 
extraction in the last few years. If we begin with the sixty-five 
millions of tons extracted in 1857, and pass to the seventy-two 
(nearly) millions extracted in 1859, thence proceeding to the ninety- 
eight millions of tons in 1865, we may advance at once to the one 
hundred and seventeen millions of tons raised in 1871. 

“Tt is therefore manifest that we have increased our coal extrac- 
tion by about fifty-two millions of tons in fifteen years, and that the 
increased extraction during that period approximates to the total 
annual extraction of the first year. 

“Furthermore it seems highly probable that under present causes, 
our total coal extraction will, in five years hence, be at least one 
hundred and thirty millions of tons for the year, in which case the 
entire coal production of Britain will have doubled itself within 
twenty years.” (p. 11.) 

“Not only are we called upon to meet the wants of our own busy 
land, but several countries have made considerable calls upon our 
coal-resources, and are continually increasing their demands, inso- 
much that our present exports of coal are nearly four times as large 
as they were twenty years ago. 

“France is the largest foreign consumer of our coal, and the 
gradual growth of the exports to that country is truly remarkable. 


* 


40 Reviews—Leifchild—Coal at Home and Abroad. 


In 1812 we gave France a small quantity of coal. In 1822, how- 
ever, we sent there 31,000 tons; in 1832 we exported as much as 
57,000 tons; and in 1842 no less than 490,000 tons. Advancing to 
1852, the birth of the Second Empire, France obtained from us 
652,000 tons. In 1862 it was found that the growth of manufactur- 
ing industry was so considerable that it had enlarged the coal 
demand of France upon us to 1,806,255 tons; while, in 1872, it 
rose to 2,191,340 tons!” (p. 13.) 

France has greatly increased her own coal-extraction, but she will 
not lessen her drain upon our resources. Germany also is a con- 
sumer of English coals, but in a less degree than France. South 
America took one million of tons, and Russia three-quarters of a 
million of tons of coal, in 1872. 

“The total amount of coal shipped by us last year to foreign coun- 
tries was 12,092,000 tons, showing an increase of 302,027 tons over 
the shipments of the previous year, and every year our exports have 
been increasing, although it was thought in 1869 that we had surely 
arrived at a maximum when we shipped nearly ten and a half millions 
of tons, and including coke and anthracite, actually 10,837,804 tons!” 

yl) 

Vee briefly noticing the causes so clearly brought forward by Mr. 
Leifchild for the increased consumption of coal, there are others 
also alluded to which at present operate to diminish the downward 
tendency of the cost of production, such as advanced wages, larger 
profits, and increased exports. The latter is a difficult subject for 
legislation, seeing that it clashes with private interests and interferes 
with our free trade policy ; still it is of the utmost importance when 
we take into consideration the general quality of the coal exported 
and the effects arising therefrom. We have long advocated a re- 
strictive duty on exported coal because the coal-fields yielding two 
of our very best and most valuable kinds of fuel, namely, Household 
and Steam Coal, such as are furnished by the Newcastle-upon-Tyne 
District on the one hand, and the South Wales Coal Field on the 
other, are peculiarly favourably situated for easy shipment. More- 
over it is a well-known fact that good as is some of the coal of the 
Lancashire and Midland Counties, the coals of the Northern District 
are considered of better quality, and realize in our own markets the 
highest price, whilst the South Welsh coal is most valuable for our 
steam navy. 

The export therefore of so large a part of our best fuel to countries 
less favoured than ourselves enables them in part to husband their 
more limited resources for future times, when the same amicable 
relations between ourselves and other countries might not exist. 

It is moreover a source of exhaustion, and taking into considera- 
tion our own rapidly increasing coal-requiring population, it is of 
the highest political importance that we should look to our home- 
interests first. 

With an advanced price of coal our industries must be to some 
extent paralysed, especially if, from our isolated position, we should 
ever become as a nation, importers instead of exporters of coal. 
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REPORTS AND PROCHEDINGS. 


Grotogicat Soctrery or Lonpon.—November 19, 1873.—Professor 
Ramsay, F.R.S., Vice-President, in the Chair. The following com- 
munications were read :— 

1. “Supplemental Note on the Anatomy of Hypsilophodon Foxit.” 
By J. W. Hulke, Hsq., F.R.S., F.G.S. 

The material for this note was a slab from Cowleaze Chine, con- 
taining portions of two individuals of Hypsilophodon Foui1, one con- 
sisting of a skull with a great part of the vertebral column, the 
other of a portion of the vertebral column. The author described 
some details of the structure of the skull, and especially the palatal 
apparatus. The pterygoids, which are not mesially joined, have a 
stout body, the posterior border of which bears a very large basi- 
sphenoidal process, and the left pterygoid retains the root of a strong 
quadratic process, in front of which the hollow outer border runs out 
into an ectopterygoid. In front of the pterygoids the palatines are 
partially visible, also separated by a fissure. Of the eight vertebre, 
the three last are firmly anchylosed, and the seventh and eighth 
form part of the sacrum. They are constricted in the middle, 
and their transverse processes, which spring from the junction of 
two vertebree, are bent backwards, joining the dilated outer end of 
the transverse processes of the next vertebra, including a large sub- 
circular loop. The second fragment of a vertebral column, which 
belonged to a smaller individual, includes the sacrum and several 
vertebra. Near the skull the slab contains several very thin bony 
plates of irregularly polygonal form, regarded by the author as 
dermal scutes. In connexion with the question of the generic rank 
of ypsilophodon, the author stated that in Hypsilophodon the 
centra of the sacral vertebre are cylindroid, and rounded below, 
wie in Iguanodon they are compressed laterally and angulated 

elow. 


Discussion.—Mr. Boyd Dawkins thought there-was as much distinction between 
Lypsilophodon and Lguanodon as between Higparion and Equus, and that this was 
quite sufficient to be regarded as generic rather than specific. He was not satisfied 
as to the additional bone in the foot in Mr. Beccles’s specimen, but thought it 
might belong to some other part of the animal. He did not accept the received 
view as to the character of the upper teeth of Zewanodon. 

Mr. Seeley considered that the author was likely to substantiate his opinions. 
He pointed out certain differences in the structure and form of the maxillary and 
other bones of the skull in Aypselophodon and Zguanodon, and especially in the 
maxillary. He attached great importance to the thickening of the enamel at the 
base of the teeth of Hypsophodon, which approximated to that which was found 
in some mammals. The teeth commonly reputed to be those of /gwanodon 
might, he thought, belong to different species, if not genera, and showed some 
divergence in character. The observations on the palatal bones of Wypsilophodon 
were, he thought, calculated to throw great light on the anatomy of Dinosaurs. 


2. “The Drift-beds of the North-west of Hngland.—Part 1. Shells 
of the Lancashire and Cheshire Low-level Boulder Clay and Sands.” 
By T. Mellard Reade, Hsq., C.E., F.G:S. 

The author commenced by explaining a section in a cutting at 
Bootle Lane Station in which most of the beds seen about Liverpool 
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are typically represented. This section shows in ascending order :— 
1. Pebble-bed of the Trias; 2. shattered rock; 3. compacted red 
sand and rubble (ground moraine); 4. lowest bed of Boulder-clay 
(largely composed of red sand); 5. stratified sand, with shell- 
fragments; 6. bed of fine unctuous clay; 7. brick-clay (with many 
shells and striated boulders); 8. sand-bed; 9. stratified yellow sand 
(‘‘ washed-drift sand’’). 

The author next gave a list of the localities in which shells were 
found, and stated that in all forty-six species had been met with 
distributed through the clay-beds,—those found in the sand-seams 
being rare,—and generally fragmentary and rolled. The shells most 
commonly found entire are usually of small size, and of a form cal- 
culated to resist pressure,—such as Turritella communis, Trophon 
clathratus, and Mangelia turricula. Fusus antiquus and Buccinum 
undatum are generally represented only by worn fragments of the 
columella, and Cyprina Islandica is always found in fragments. 
The author thought that the association of the various species dis- 
tributed without order through the clays shows that they could not 
have lived together on the same bottom, but that they must have 
been to a great extent transported. He contended that the ad- 
mixture of shells in the Boulder-clay was due to the tendency of the 
sea to throw up its contents on the beach, whence changing currents 
and floating ice might again remove them, and to the oscillations 
of the land bringing all the beds at one time or another within 
reach of marine erosive action. He maintained that it is in the 
distribution of land and sea at the period of deposition of the 
Lancashire deposits, and not in astronomical causes, that we must 
seek the explanation of the climate of that period, the conditions of 
which he endeavoured to explain by a consideration of the propor- 
tions of the species and the natural habitats of the shells found in 
the drifts. 

3. “Notes on a Deposit of Middle Pleistocene Gravel near Ley- 
land, Lancashire.” By R. D. Darbishire, Esq., F.G.S. 

The bed of gravel, about 40 feet thick, and about 240 feet above 
the level of the sea, is covered by yellow brick clay, and overlies an 
untried bed of fine sea-sand. The shells and fragments occur chiefly 
at the base of the gravel. 

The most noticeable shells in the list of forty-two species, collected 
by Miss M. H. Farington, are Panopea Norvegica, Mactra glauca, 
Cytherea chione, Cardium rusticum, Fusus propinquus and Fusus antiquus, 
var. contrarius. One specimen of Fusus craticulatus occurred. 

The group is by no means characteristically Arctic or Glacial. It 
represents most nearly the Wexford lists, especially in presenting 
the reversed Fusus, and may be considered as connecting those beds 
with the Macclesfield drifts, also containing a Celtic assortment, with 
Cytherea chione and Cardium rusticum. 

The author considered the Leyland deposit, like those on the west 
of the Derbyshire hills, to be more probably littoral and truly climatic 
than that of the Liverpool clays, the subject of Mr. Reade’s paper, 
and hazarded the conjecture that the latter were sea-bottom beds, 
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into which, during some process of degradation and redistribution, 
the specimens found and enumerated by Mr. Reade had been carried 
down from the former more ancient retreating coast-lines. 


‘Discusston.—Mr. Darbishire was not prepared to accept the view of the shells 
in the drift having existed on the spots where now found. He thought rather that 
the fragmentary remains might have been derived from the destruction of earlier 
beds deposited under somewhat different conditions. The occurrence at Wexford 
of nearly similar beds to those at Leyland pointed to a great destruction of an old 
sea-shore. 

Mr. Gwyn Jeffreys thought that all the shells found in these Lancashire beds 
were just such as might have been thrown up on the shore, though the matrix in 
which some of them are found is not sandy. The Zvophon discovered was 7° 
truncatus, and not 7.clathratus. Neither was he quite satisfied that Miss Faring- 
ton’s Husus was really F. craticulatus. The occurrence of usus antiguus, monstr. 
contrarius, did not surprise him, though that of Mactra glauca was very remark- 
able. He did not believe in the retiring or voluntary migration of mollusca, though 
they might be transported by currents or driven away by want of food. He did. 
not regard any of the shells as truly Arctic, and deubted whether any of them 
afforded clear evidence of climatal conditions. 

Mr. Prestwich remarked on the pregress which had been made in our knowledge 
of these shells since Sir P. Egerton had first called attention to the drift in which 
they occur. The number of perfect specimens from Leyland was, he thought, 
very striking. He had some difficulty in following Mr. Reade into the large theo- 
retical questions into which he had entered, but pointed out that the striation of 
the surface of the country was significant of a period of intense cold, for which any 
alteration in the arrangement and proportions of land and water could hardly 
account. But in the overlying Boulder-clay the fragments of shells were all of 
species still existing in the neighbouring seas of the present day, and he did not 

think that at the time of its deposit the climate was of necessity intensely cold. 

Prof. Hughes did not think that the deposits were in any way immediately con- 
nected with the Boulder-clay, to which they were long subsequent. He rather 
correlated them with the Hessle and Kelsey beds of the East coast. The deposits 
might in many cases have been fermed on the shore of a sea which was eroding a 
cliff of Boulder-clay ; and by this means there would be an admixture of the more 
recent shells with the redeposited boulders from the older clay. He submitted 
that the shells belonged to an age succeeding the true Glacial period. In the higher 
deposits there were still some traces of the more Arctic forms, while a more southern 
facies came over the fauna of the lower beds. 

Mr. Charlesworth observed on the possibility of the transport of shells in the 
stomach of fishes. As to the comminuted condition of Cyprina Islandica, he re- 
marked that in the Crag beds these shells are nearly always much cracked, even 
when delicate shells in the neighbourhood are perfect. 

The Chairman was glad that the old view as to the successive elevations and 
submergences during the Glacial period was not likely to be disturbed. As to the 
physical causes which conduced to the extreme cold, he did not undervalue the 
changes in physical geography ; but if the astronomical causes, the existence of 
which seemed now to be fairly established, would have produced the effects, he 
did not see why they should be ignored even if the geographical causes might 
suffice. These latter seemed to be at best theoretical, whereas the former seemed 
mathematically necessary. He was not inclined to detach the shells from the clay, 
and thought that during the time of their deposit there were still glaciers on the 
higher points of the land. He did not agree with Prof. Hughes in regarding the 
beds with striated pebbles in the Vale of Clwyd as Post-glacial, and could not be- 
lieve that in the case of the reconstruction of the beds the strize could be preserved 
and the pebbles not become smooth. 

Mr. Reade, in reply, stated that his observations were intended to apply merely 
to the conditions under which the beds containing the shells had been deposited, 
and not to the period of extreme cold, for which he was quite willing to admit the 
potency of astronomical causes. He agreed with the Chairman in regarding the 
clay as a real Boulder-clay, the pebbles in it being for the most part scratched. 
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CORRESPONDENCE. 
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SUGGESTIONS FOR GEOLOGICAL SURVEYORS. 


Srr,—The following proposition will, I venture to think, be found 
very useful to Geological and Mining Surveyors, for none of the 
text-books give any information on the subject. I hope, therefore, 
that you will be able to find room for it. HF. W. Horton. 

Wetuineton, New ZEALAND, 

6th August, 1873. 

Given the dip on each side of an anticlinal or synclinal curve, to 
find the direction of the axis. 

(a.) To find the bearing of the axis. 

Let OC and OB represent the bearings of the two dips. From Q 
erect the vertical OD. Make the angles OCD 
and OBD equal to the dip on each side of the 
curve. Draw CA at right angles to OC, and 
LA at right angles OB. Join AO and BC. 
Then CA and BA represent the strike of the 
beds on each side, and 4 O represents the bearing 
of the axis. 

et 7, OCD =a. VA, OBD 0 eZ OAC — a: 

Z OAB=H; and 72 BAC=A=“£4 2. 

Then because OBE and CEA are similar tri- 
angles 7 OBC=«; and for the same reason 
ZOO Te 

Also CO = DO cot d 
and BO= DO cot d. 


Consequently 


(cot d’ — cot d) tan 4 A 
cot d + cot d.— 
by which «, and therefore the bearing of the axis, can be found. 


(b.) To find the inclination of the axis. 
Let, as before, 4C represent the 


” strike, and DCO the angle of dip 

ae | (d) of the beds on one side of the 
Ais 0 eurve. Join AD. Then 4O repre- 
Ua sents the bearing of the axis, and 

DA 0 is its inclination to the horizon. 


tan 4 (a'—«) = 


h, Let 7 DAO=y. 

DO 

Then tan y = 40 

DO = OC tan d 

AO = OC cosec « 

tan d : 
Sg = = SG ae 
cosec & 


which gives the inclination of the axis with the horizon. 

N.B.—The axis of an anticlinal curve will incline downward 
towards the angle formed by the two lines of strike, while the axis 
of a synclinal curve will incline upwards towards that angle. 
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THE UPPER INDUS BASIN. 


Str,—Under this heading in the August Journal of the Geological 
Society, Mr. Drew gives us an excellent collection of facts admirably 
illustrated with drawings. In theorizing on these facts Mr. Drew 
supports throughout the view which I had the honour to advance 
in the Grotocican Macazine (Vol. IV. 1867, p. 205), under the 
head of “ Valley Terraces,” namely, that the parallel terraces are the 
remains of river alluviums, and that they are not, as is generally 
held, shores of ancient lakes, or due to marine action, as is also 
argued. But beyond this, Mr. Drew’s facts cut entirely against his 
own theories. That is, his facts prove that rain and rivers have 
made, and are still making, his side “fans,” main river alluviums 
and terraces, and that these are not (according to his theory) due to 
the glacial epoch (page 470), or to any former ‘different state of 
climate” (page 457). His facts also demonstrate that these inland 
patches of river alluviums (which are not to be confused with those 
open to the sea) are due to what Mr. Mackintosh has called “Colonel 
Greenwood’s hard gorge and soft valley theory.” Every one of 
Mr. Drew’s flat alluviums is immediately above a hard gorge. And 
this immediate alternation of gorge and flat alluvium is found not 
only in the Indus valley, but throughout the wide wide world, 
wherever a river crosses strata of different hardness. Directly as 
the strata are hard is the narrowness of the gorge which the river 
cuts. This gorge the river has difficulty to deepen, and atmospheric 
disintegration and the erosion of rain have difficulty to widen. But 
throughout the soft strata above the hard gorge the river cuts its 
bed flat’ at the level of the gorge, and the atmosphere and the rain 
easily make and widen a flat valley. The water of every rain flood 
is then checked at the narrow gorge, overflows the flat valley, and 
deposits an annually increasing alluvium on it. But as the allu- 
vium rises by deposit, the bed of the gorge (and consequently of the 
river above) sinks from erosion, and the time comes when the river 
can no longer overflow. ‘The confined flooded river then tears down 
the soft alluvial banks of its own building, and eats them away. to 
the hill-sides, where they remain as parallel terraces. A new flat 
and a new alluvium is then begun at the new level of the gorge. 
This process has been repeated for what man may call an eternity 
of time. It is still going on with unabated vigour, and will continue 
to go on as long (as Mr. Drew says) “as there are mountains behind 
to waste.” 

This is the simple “open Sesame” of Mr. Drew’s puzzle (p. 469), 
‘to account for rivers and streams being at one time denuders, at 
another accumulators, and at a third time denuders again—in other 
words, to discover why these streams shall at one time lower their 
beds, cutting down through the rock, at another raise them by 
depositing alluvium and rising upon it, and at last again lower their 
beds by cutting down through that alluvium.” 


Brooxwoop Park, ALREsForD, Grorce Greenwoop, Colonel. 
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FURTHER DISCOVERY OF REMAINS OF A GREAT EXTINCT WING- 
LESS BIRD IN AUSTRALIA. 


Srr,—In the Geonocican Magazine for 1869, Vol. VI. p. 383, 
will be found a letter from the Rev. W. B. Clarke, F.G.S., St. 
Leonard’s, New South Wales, giving an account of the discovery of 
the femur of a bird resembling Dinornis, found in sinking a well at 
Peak Downs, Queensland. The bone in question was submitted to 
me, and I pronounced it to be the femur of a bird about the size of 
Dinornis robustus. 

Since then I learn that Prof. Owen has described it, from a cast * 
which [ had prepared and forwarded to him, as Dinornis (Dromornis 2) 
Australis,’ in the Zoological Transactions for 1873, vol. viii. part vi. 

And here let me state that the mineralized condition of this bone 
is precisely that of hundreds of other bones from various Australian 
localities which are preserved in this Museum, the interior being full 
of calc-spar crystals, or mineralized in such a manner as to remove 
all trace of organic substance, and render the bone quite brittle like 
a piece of stone. The modern fracture across the bone shows this 
extremely well. The ancient ‘ crushed-in fractures’ may possibly 
have been done with a stone tomahawk at the time when the bone 
was fresh. I have found the fractured crown of a human molar in 
the same matrix as Diprotodon and Thylacoleo at Wellington in this 
Colony. Man may therefore have been the contemporary of these 
animals and also of the Dromornis. 

Since the discovery of this bone at Peak Downs, I have gone over 
the specimens in the Sydney Museum, and find more Australian 
Moa-bones in the collection, but unfortunately without date or 
‘locality, and of which therefore 1 can take no notice. 

But on the 5th September, 1873, I received a letter from Mr. 
James FE’. Plunkett, informing me that he had forwarded me a parcel 
of bones, etc. They were from an alluvial gold-mining claim on 
the Black Lead, known as the Sand-hole, at a depth of 160 feet in 
a “ pot-hole,” imbedded in brown dust. The bones are of a whitish 
colour, and adhere strongly to the tongue. They consist chiefly of 
fragments of vertebra, and probably belonged to a bird rather 
stronger built than our Emu (Dromornis), but not larger in size. 

They are from Gulgang, one of our famous digging townships in 
the Bathurst district. 

I may mention that Dr. George Bennett, F'..S., has just received 
a very fine series of Diprotodon remains from his son. Mr. George 
Bennett, from the Gamrie Creek, Darling Downs. I have beanniner 
them, and with the assistance of our eminent formatore, Mr. Henry 
Barnes, have succeeded in restoring the most important parts of this 
great animal. 

The chief point established is the form of the jaw, the inflected 
angle of which resembles that of the Phalangers, and was not as 


1 The original specimen is now in the Sydney Museum. 
2 Thad already described it in one of our local papers, aud proposed for it the 
name of Dinornis Owenit. . 
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deep as that of the Wombats. This part of the jaw has never been 
seen before, and will probably cause Prof. Owen to modify some- 
what his restoration of Diprotodon. GERARD KReErFFrT. 


AusTRALIAN Muszum, Sypney, Sep. 28, 1873. 
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PROFESSOR AGASSIZ. 


By the death of Prof. Agassiz, Science has lost one of her most 
distinguished students. Louis Jean Rodolphe Agassiz was born on 
May 28th, 1807, in the parish of Mottier, between the lakes of 
Neuchatel and Morat. He received his early education at Bienne, 
from which he went to the Academy at Lausanne, and afterwards 
studied medicine and science at the Universities of Ziirich, Heidel- 
berg, and Munich. In 1837 he was Professor of Natural History 
in the University of Neuchatel, but long before this he had manifested 
that great power of investigation which speedily raised him to a high 
position among the scientific men of his time. 

His earliest studies were directed to ichthyology, and especially to 
the fish of his native country. His first memoir on this subject was 
published in 1828, and in 1829 we find him describing the more 
remarkable fish obtained by Spix and Martius in their Brazilian 
travels. He afterwards turned his attention more particularly to 
fossil fish, for the classification of which he proposed a new system, 
founded on characters derived from the scales. In fossil ichthyology 
Agassiz speedily became the chief authority, and after publishing 
numerous memoirs treating of separate branches of this difficult 
subject, all of the highest value, he brought his labours in this 
department to their culmination by the publication of his magnificent 
“Recherches sur les Poissons fossiles,” which appeared at Neuchatel 
between the years 1858 and 1844 in five large quarto volumes, illus- 
trated by the same number of volumes of beautifully prepared plates 
in folio. This work, which is admirably executed in all respects, is 
undoubtedly Agassiz’s grandest contribution to scientific literature; 
it has never been, and probably never will be, surpassed. In aid of 
its publication the Geological Society voted the author the proceeds 
of the Wollaston Donation Fund in 1833, and in recognition of the 
valuable services rendered by him to this particular department of 
science, the same Society, in 1836, presented him with the Wollaston 
medal. Whilst this work was in progress, Agassiz engaged in the 
study of certain groups of fossils, especially those belonging to the 
class Echinodermata (starfishes and sea-urchins), upon which he 
published many memoirs, some of them prepared in conjunction 
with M. 'T’. Desor. His ‘“ Nomenclator Zoologicus,” commenced in 
1842, but not completed until 1848, is a work of enormous labour, 
containing a nearly complete classified list of all names employed in 
zoology up to the date of its preparation for genera and groups of 
higher systematic value, with references to the authors who invented 
them and the works in which they were first used. A task of almost 
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equal magnitude was the preparation of a “ Bibliographia Zoologize 
et Geologie,” intended to furnish a similarly classified catalogue of 
works published on these subjects. This list, originally prepared 
by Agassiz for his own reference, enlarged but very imperfectly 
edited, was published in England by the Ray Society between 1848 
and 1854. 

As if these labours, together with the duties of his professorship, 
were not sufficient occupation, Agassiz during this period also 
devoted much of his attention to the phenomena of glaciers and of 
glacial action, especially the nature of the movement of glaciers, and 
the traces of the former existence of such ice-rivers in places where 
nothing of the kind is now to be seen. He had, of course, fine 
opportunities of studying these phenomena in his native Alps, but 
he also visited this country and searched for traces of glacial action 
in the north of England, and in Scotland and Ireland. His re- 
searches and those of the late J. D. Forbes undoubtedly furnished 
the foundation for the views now generally received as to the nature 
and action of glaciers. We may safely say that the “ Htudes sur 
les Glaciers,” published by Agassiz in 1840, formed a most brilliant 
contribution to the literature of a subject until then involved in 
much obscurity, and that it gave him a European reputation in a line 
of research in which he was previously almost unknown. 

In 1846 Agassiz was invited to go to the United States of America, 
and in 1847 he was appointed Professor of Zoology and Geology in 
the University of Cambridge, Massachusetts, where he remained 
until his death. In 1861 the Copley medal was awarded to him by 
the Royal Society, and he held honorary degrees from several 
universities. 

His greatest literary work after his naturalization in America is 
his “‘ Contributions to the Natural History of the United States,” of 
which the reprinted “Hssay on Classification” has had a great 
influence on zoology. 

He published also in 1868 the results of the “Thayer Expedition,” 
entitled ‘‘ Journey in Brazil.” 

Among his smaller works we may mention his ‘‘ Essay on the 
Study of Natural History,” and bis ‘‘ Comparative Embryology,” 
as of much value for educational purposes. In his general views 
Agassiz was strongly anti-Darwinian. 

During his residence of twenty-seven years in the United States, 
Agassiz devoted himself heart and soul to his professorial duties, 
and mainly by his influence and popularity succeeded in attaching 
to the institution to which he belonged a most valuable museum 
of zoology and comparative anatomy, the results of the investi- 
gations carried on in which have already furnished many important 
memoirs. By his strenuous exertions he has raised in the United 
States a school of naturalists, many of whom, in the quality of the 
work done by them, quite equal their brethren on this side of the 
Atlantic, and from this point of view, at any rate, the States owe a 
heavy debt of gratitude to their great adopted citizen who has just 
departed.—The Globe, Dec. 16, 1873. 
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T.—On tHe Origin oF THE Lagoon caLLeD Tue FLEEt, 
DoRSETSHIRE. 


By G. H. Kinanan, M.R.1.A., etc., ete. 


N the November Number of this Macazinz (Vol. X. p. 481) the 
Rev. O. Fisher has called attention to the formation of the Fleet, 
Dorsetshire, and puts forward suggestions as to its formation in 
opposition to the sub-aerial denudation theory of Messrs. Bristow 
and Whitaker. To me the formations of the Fleet and Chesil Beach 
seem easily explained, as similar beaches are not uncommon on 
other parts of the English coast, and also on that of Ireland; but 
inland behind many of these banks the spaces that were formerly 
lagoons are now reclaimed land. 

Tidal currents running parallel or nearly so to a coast-line, denude 
it evenly if all the rocks forming the coast-line are of similar 
hardness and resist its action equally. If, however, there are very 
soft or very hard portions, the former are denuded out to form guts 
or bays, while the latter are the nuclei of capes, points, and heads. 
When two headlands begin to form on, say, an east coast with the 
set of the incoming tide or principal current. from south to north, at 
first there will be a long gradual curve formed between them, but 
eventually the current sweeping round the southern headland will 
denude the land rapidly on the N.H. of it, forming the south 
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Diagrammatic Sketch of part of Wexford Coast. 
portion of the bay between the heads into an abrupt curve; while 
from the chart of the coast we learn that shoals (a a a and b) have 
‘accumulated between the headlands, due to the meeting of the 
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currents of the water in the bay with the outside current. If, 
therefore, the land is raised a few feet, bars would be already 
formed with their accompanying lagoons; and the latter subse- 
quently would fill up or be otherwise modified by the weathering 
of the marginal cliffs and by matter carried into them by land 
drainage, the growth of peat, etc., till eventually the bottoms of 
many would be raised so high that they could be drained and 


reclaimed. 
Thus have been formed on 


2, the coast of Ireland the lagoons, 
Co.nore marshes, and reclaimed lands 
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Sketch Map of the Bay and Shoals between 
Cahore and Greenore Points, Co. Wexford. 


situated N.W. of Wicklow Head; 
the mudlands of Wexford Hstu- 
ary, N.W. of Greenore Point; 
the lagoons called Ladys-island 
and Tacumshin Lakes, west of 
Carnsore Point; the lagoon 
called Ballytiege Lough, N.W. 
of Crossfarnoge Point; the muds 
and sands of Bannon Bay, 
N.N.E. of Baginbun Head; the 
lagoon called the Backstrand at 
Tramore, N.E. of Newton Head; | 
and many similarly situated 
lagoons and salt marshes on 
other portions of the Irish coast. 
Therefore it seems probable that 
the Fleet in Dorsetshire and all 
the marshes and low lands that 
are now reclaimed, from Port- 
land Island to Dover, along the 
south coast of England, were 
formed similarly. 

When the south coast of Eng- 
land was a little lower than at 
present, there were shoals run- 
ning obliquely from the Island 
of Portland; these when the 
land rose became a bank in- 
closing a lagoon; and as long 


as the lagoon exists, so must Chesil Bank, as the waters of the Fleet 


keep the bank from travelling inwards. 


Meteoric action, instead of 


forming the Fleet, probably filled it up more or less, as it must 
have formed slopes of the old marginal cliffs, while the streams must 
have deposited matter in it, and peat-producing plants are gradually 


heightening the marshy shallows. 


[See article “On the Formation of the Chesil Bank, Dorset,” by Messrs. H. W. 
Bristow, F.R.S., and William Whitaker, B.A. (Lond.), Gzron. Mac. 1869, Vol. VI. 
p. 433, Pl. XIV. and XV., and p. 825, Noticed by Col. Geo. Greenwood, p. 523, and 


by the Authors at p. 574. 
Vol. X. p. 445.—Epir, Gzon, Mac.] 
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I].—OBsBRVATIONS ON THE GENUS PORAMBONITES. 


By Tuomas Davinson, F.R.S., F.G.S. 


(PLATE III.) 


Hie 1830 Pander proposed the genus Porambonites for a remark- 
_ able group of Lower Silurian Brachiopoda, which abound in 
the neighbourhood of St. Petersburg, in Esthonia, and other parts of 
Russia; as well as in rocks of a similar geological age in Great 
Britain, Portugal, and other countries. 

From the great difficulty of obtaining well-preserved internal 
casts, or interiors of the valves, much uncertainty has prevailed re- 
specting its true characters, as well as with reference to the position 
the genus should occupy in the class. Some Palontologists have 
referred it to Terebratula, others to Spirifer, Orthis, Pentamerus, 
Tsorhynchus, and it has likewise been classed among the Rhyncho- 
nellide by D’Orbigny and others. After many years of patient 
search, and at different intervals, I have been able, through the 
kindness and liberality of Dr. Volborth and Prof. F. Schmidt, of St. 
Petersburg, to procure some good internal’ casts of three species, as 
well as several detached valves and fragments showing every por- 
tion of the interior of both valves in an admirable state of preser- 
vation. These I now propose to briefly describe and illustrate. 

The external characters of the different species composing the 
genus have been correctly described and figured by several paleeon- 
tologists, and therefore all we need mention is, that the individuals 
composing each species vary a good deal in form, and especially so 
at different periods of their growth, as may be seen by inspecting a 
series of examples of P. cequirostris from the dimensions of one line 
in length to that of nearly an inch. All the species are sub-circular, 
transversely oval, or sub-quadrate; the dorsal valve being the 
deepest or most convex, while there exists in the anterior half of 
the ventral valve a depression or sinus of greater or lesser depth. 
The beaks in both valves are so very much inflated and incurved, 
that they generally are nearly in contact, and leave scarcely any avail- 
able space for the passage of the peduncular fibres of attachment. 

In each valve, under the incurved beak, there exists a small narrow 
area and triangular fissure; the beak ridges are likewise sometimes 
very strongly defined. In a great number of specimens the ex- 
tremity of both beaks, and especially that belonging to the ventral 
valve, present a circular hole. In some examples the aperture is 
so regular in shape as almost to lead one to conjecture that it may 
not have been entirely accidental, but it is more probable that these 
holes have been caused by friction, due to the opening and closing 
of the valves, the shell being very thin at that part. Externally all 
the known species are smooth, or rather ornamented by radiating 
rows of small pits, the shell structure, according to Dr. Carpenter, 
being impunctate. 

The genus is composed of several well-defined species ; the largest, 
P. gigas (F. Schmidt), Pl. III. Fig. 10, from Lychholm, in Hsthonia, 
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measuring two inches and a quarter in length, by three inches in 
breadth, and nearly two inches in depth. 

The valves articulate by means of two strong teeth in the ventral 
valve, which fit into corresponding sockets in the dorsal one. 

In the interior of the ventral valve much difference is not only 
observable in different species, but likewise so in specimens of the 
same species, as may be seen from Figures 6, 7, and 8. The general 
character would, however, consist in the presence of a long median 
flattened tongue-shaped space, slightly raised near its anterior 
angular extremity. This narrow longitudinal flattened space ex- 
tends from under the incurved beak to a little in advance of half 
the length of the valve. The dental plates, which are very large, 
projecting, and thickened in some examples (Fig. 8), at first con- 
verge, and afterwards run close to, and parallel with, the sides of 
the median flattened space above described, and to within a short 
distance of its anterior extremity. 

In other examples, such as in Fig. 6, the base of the inner sides of 
the dental plates, or septa, as they approach the middle, become so 
much thickened as to come into contact, leaving only a flattened 
lozenge-shaped area at the anterior portion of the tongue-shaped 
space. 

Again, in some species, such as in Porambonites (Pentamerus) 
ventricosa (Kutorga), Fig. 11, the mesial flattened space is, com- 
paratively, wide and divided at about half its length by a narrow 
horizontal slope. The position, and partly the shape of the dental 
plates or septa, is sometimes seen through the transparency of the 
shell, or upon specimens where the shell has been worn away 
(Fig. 2). 

In some species, such as in P. equirostris (Figs. 6, 7), there exists 
a narrow raised ridge, which extends from the anterior extremity of 
the tongue-shaped mesial space to near the middle of the frontal 
margin, but this ridge is totally absent in other species, such as in 
P. ventricosa. 

On the flattened surface of the anterior half of the mesial tongue- 
shaped space are situated the adductor muscular scars, flanked by 
the divaricator or cardinal impressions, and in this respect agreeing 
in position with what prevails in Meristella and several other genera 
among the Brachiopoda. The vascular impressions consist of two 
pair of primary vessels; one lateral pair partly surround the ovarian 
spaces, the other pair, after dividing the adductor from the di- 
varicator muscular impressions, run to some distance towards the 
front margin of the shell, as is seen in Fig. 11a. 

In the interior of the dorsal valve the converging socket ridges 
form two projecting sharp or much thickened plates or septa, shorter 
than in the ventral valve, and which sometimes show two dark 
lines on the surface of the cast (Fig. 2). These vary considerably 


1 At p. 112 of his “Monograph of the Permian Fossils of England,” Prof. King 
alludes to these plates : “ Larger valve, with two long more or less diverging dental 
plates, and a median sinus. Small valve, with two long more or less diverging socket 
plates.” 
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in different species. In P. ventricosa (Fig. 12a) they are narrow, 
prominent, and inclose a rather wide oblong concave space, dbtusely 
angular anteriorly. In P. alta (Pander), Fig. 9, these same plates 
are very much produced, and converge to an almost acute termina- 
tion. Again, in P. equirostris (Figs. 4 and 5), their base is very 
wide and thickened, and they converge laterally, so as to end 
anteriorly in an acute point. No cardinal projection, or process, is 
ubservable, and the muscular impressions seem to occupy (at least 
in part) the space inclosed by the socket plates. Two contiguous 
primary vessels (Fig. 12a) run at once direct from the centre of the 
valve, for some little distance, then divaricate, and finally become 
reflected, as seen in Fig. 12a. 

Such are the principal characters observable in the interior of 
both valves of this remarkable genus, and which I have been able to 
study in a great number of specimens. When looking into the 
interior of the rostral portion of both valves (as may be seen by 
taking a squeeze in gutta-percha from that portion of the internal 
cast), we see the hinge and the well-defined depressions or central 
chambers circumscribed by the dental and socket plates (Figs. 9 and 
13). When these plates are much thickened at their base, they pro- 
duce wide and deep indentures or depressions in the posterior 
portion of the internal cast, as may be noticed in Figures 8, 3a, }, ¢.' 
But when sharp and narrow, they leave deep slits in the same portion 
of the internal cast, as is seen in Figures 11 and 11a. 

Porambonites therefore forms a small sub-family among the 
Brachiopoda, attached, at least during a part of its existence, by 
means of a pedicle, or its representative. No calcified process is 
observable for the attachment or support of the oral appendages. 
which were, no doubt, fleshy and spirally coiled. There are also in 
the interior of each valve diverging dental and socket plates, which 
laterally circumscribe the central muscular space. 

Porambonites differs materially from Pentamerus and other genera 
by its internal arrangements, nor is there any apparent ground why 
it should be located in the family Rhynchonellide. The genus is con- 
fined to rocks of the Lower Silurian period. 


EXPLANATION OF PLATE III. 


Fic. 1, 1a, 6, c.—Porambonites equirostris, Pander. Lower Silurian. Pawlowish,. 
near St. Petersburg. q 

Fic. 2.— Specimen seen from the beaks, and showing the position of 
the septa. 

Fic. 3, 3a, 6, c—Porambonites equirostris, Pander. Internal cast. Poulkova, near 
St. Petersburg. 

Fic. 4. —_-——_—— Interior of dorsal valve taken in gutta-percha from the cast 

of Fig. 3. 

Fie. 5.— otek ne Interior of the dorsal valve from a testiferous specimen. 
Lower Silurian (1a of Schmidt’s classification). Kuckers, Esthonia. 

Fic. 6, 7, 8.— Interior of ventral valve. Same locality. 

Fic. 9.—Porambonites alta, Pander. Interior of rostral portion of both valves to 


1 In pl. iii. figs. 28, 29, 30, of his Beitrage zur Geognosie des Russischen reiches, 
Pander gives a figure of this same internal cast, but which he erroneously considers 
to be a Pentamerus. 
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show the hinge and respective position of the dental and socket plates or 
septa. Reval, Esthonia. 

Fie. 10.—Porambonites gigas, F. Schmidt. Lower Silurian (2@ of Schmidt's classifi- 
eation). Lychholm, Esthonia. 

Fie. 11.—Porambonites (Pentamerus) ventricosa, Kulorga. Internal cast of ventral 
valve. lla. Interior of same valve taken in gutta-percha from the same 
cast. Lower Silurian. From quarries near the village of Paritzy, near 
Gatschina. This fine internal cast was found and presented to me by Prof. 
Tnostranzew. 

Fie. 12.— ——-————— Dorsal valve from same internal cast. 12a. interior. 

Fig. 13.— Interior of the rostral portion of the valves, to show hinge 
and respective position of dental and socket plates in each valve. Taken 
from the same internal cast. 


Il].—Descrirtions or New Fossits From tHE DrEvonian 
Formation oF Canapa WEST. 


By H. Atteyne Nicuoxson, M.D, D.Sc., F.R.S.E. ; 
Professor of Natural History in University College, Toronto. 
(PLATE IY.) 

(Continued from page 16.) 

Atveotttes (Centres?) pistans, Nicholson. 


Spec char.—Corallum ramose, the branches cylindrical, of a 
diameter of from a line and a half to two lines, dividing dichoto- 
mously at intervals of about half an inch, but 
not anastomosing. Corallites oblique to the 
surface, with exceedingly thick walls. ' Calices 
extremely minute, about one-eighth of a line in 
their longest diameter, sub-circular, transversely 
| oval, or sub-triangular, level with the surface, 
| and having the lower lip hardly or not at all pro- 
minent. Intervals between the calices propor- 
| tionately very wide—usually about half a line. 
At first sight this species has very much the 
appearance of a Cenites (such as C. intertextus), 
or of the uncertain form Alveolites (?) seriato- 
poroides, Hdw. and Haime. It is, however, 
distinguished from the former by the non- 

rie. 4_Alneolites distans, _PEOmment and not markedly triangular calices, 
Nich, a. Fragment of the and from the latter (which is almost certainly 
natural size. b. A portion of not an Alveolites) by the fact that the corallites 
Coniferous Limestone. are disposed obliquely to the surface. 

Alveolites distans is readily distinguished from the other ramose 
species of the genus by the exceedingly small size of the calices and 
the proportionately great width between them, as well as by the 
fact that the calices are level with the general surface or nearly so. 
There is thus produced the fallacious appearance that the corallites 
are imbedded in an abundant coenenchyma. 

Locality and Formation.—Corniferous Limestone, Port Colborne. 

ALVEOLITES ConrERTA, Nicholson. Pl. IV. Fig. 5, e. 

Spec. char.—Corallum ramose, composed of cylindrical or ellip- 
tical branching stems, which bifurcate, but do not interlace. 
Diameter of the stems from two to three lines. Corallites minute, 
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oblique to the surface, opening by calices which are arranged in 
irregular diagonal lines, and which have a circular, or transversely- 
oval, hardly sub-triangular shape. Calices oblique and excessively 
crowded, about one-sixth to one-eighth of a line in their longest 
diameter, and separated by intervals of from one-fifth to one-fourth of 
a line transversely, or the same distance or less measured vertically. 
There are thus from three to four calices, and from two to three 
interspaces in the space of one line, measured either diagonally across 
a branch or vertically. 

Alweolites conferta (Fig. 5, c) is allied to the forms described by 
Mr. Billings under the names of A. labiosa and A. cryptodens, and 
especially to the former; but it appears to be decidedly distinct from 
these or from any other previously recorded forms. It is distin- 
guished by the very minute and close-set corallites, and by the fact 
that the calices are as a rule not distinctly sub-triangular, and have 
not a markedly prominent lower lip. No calicine teeth are present. 
In some respects A. conferta has the aspect of a Conites, especially 
in the fact that the corallites at first sight appear to be surrounded by 
a more or less copious coenenchyma. This appearance, however, is 
deceptive; and I have no doubt as to the correct reference of the 
species to Alveolites. 

Locality and Formation.—Rare in the Corniferous Limestone of 
Port Colborne and Ridgeway. 

AtveoitEs RamuLOSA, Nicholson. Pl. IV. Fig. 6, a, b. 

Spec. char.—Corallum reticulated, composed of flattened sub- 
cylindrical or cylindrical stems, from two-thirds of a line to two 
lines in diameter, commonly one line, branching with great frequency 
and interlacing to form a close network, the meshes of which vary 
from one to two lines in diameter. Corallites very minute, about 
thee in the space of one line measured diagonally, about one-sixth 
to one-eighth of a line in their longest diameter, separated by inter- 
vals of rather more than one-third of a line. Calices apparently 
transversely oval, or sub-triangular when perfect, but commonly dis- 
tinctly triangular; lower lip sharp. 

This species represents in the genus Alveolites the anastomosing 
F. reticulata in the genus Favosites. It presents also a close resem- 
blance in its external appearance to the Cladopora reticulata of Hall, 
from the Niagara group, from which, however, its structure sepa- 
rates it widely. It is distinguished from Alveolites labiosa, Billings, 
to which it is structurally most closely allied, not only by the re- 
ticulated form of the corallum, but also by the much more minute | 
calices. It differs from A. conferta, Nich., again, in forming a net- 
work, in the corallites being much more remotely placed, and in the 
fact that the calices are generally distinctly sub-triangular or even 
triangular. 

Locality and Formation.—Not uncommon in the Corniferous Lime- 
stone of Port Colborne and Lot 6, Con. 1, Wainfleet. 

ALVEOLITES BinuineGst, Nicholson. 

Spec. char.—Corallum reticulated, composed of cylindrical or sub- 

cylindrical stems from two to three lines in diameter, which branch 
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dichotomously for the most part at angles of about 40°, and anasto- 
mose to form an open network, the meshes of which are oval or dia- 
mond-shaped, and vary in length from three lines to three-quarters 
of an inch. As in the preceding species, the network is not always 
in a single plane, and the branches often coalesce at the nodes of the 
network to form flattened sub-palmate expansions. Corallites small, 
crowded, with thin walls, the calices sub-triangular, or, when worn, 
markedly triangular, with the apex of the triangle directed towards 
the base of the frond. About three calices in the space of one line, 
measured either diagonally or vertically. The long diameter of the 
calices is about one-fourth of a line or rather more, and the inter- 
spaces between them, measured diagonally, are about half as much. 
Alveolites Billingsi (See Fig. 6, c, which represents a fragment of the 
natural size, in which the surface is somewhat worn) is allied to 
A. ramulosa, but is distinguished by the larger size of the stems, the 
dichotomous mode of division, the more open network, and the larger 
size and closer arrangement of the corallites. From A. labiosa, 
Billings, it is distinguished by its reticulated form and more closely- 
set calices. 

Locality and Formation.—Corniferous Limestone of Port Colborne 
and Lot 6, Con. 1, Wainfleet. 

Genus CHAETETES, Fischer. 

Gen. char.—Corallum ramose, massive, or incrusting, composed of 
elongated basaltiform corallites, which are in close contact and are 
not united by any ccoenenchyma. 'Tabulze well developed; septa 
absent ; no mural pores. 

The genus Chaetetes is nearly allied to Favosites, but is separated 
by the absence of mural pores. Very similar in all essential respects 
to Chaetetes is the genus Stenopora of Lonsdale, the differential cha- 
racter of which is stated to be the presence of minute styliform pro- 
cesses at the angles of the calices, whilst the corallites are contracted 
at intervals in planes parallel with the surface, and the ridges bound- 
ing the calices are granulated or tuberculated. Good authorities, 
however, reject the genus Stenopora altogether, and refer the forms 
placed here partly to Favosites and partly to Chaetetes. Lastly, the 
genus Monticulipora has been founded by D’Orbigny, to include 
species of Chaetetes which increase by gemmation, instead of fissi- 
parously, as is ordinarily the case in the genus. 

In the present state of our knowledge it seems almost impossible 
to separate these three genera; or, at any rate, it is certainly often 

_impossible to decide positively, after the most careful examination 
and comparison, to which of them a given specimen may actually 
belong. In the Hamilton formation of Western Canada occur three 
small corals, which are certainly referable to one or other of these 
three genera, and which I shall provisionally consider as belonging to 
the genus Ohaetetes. I have been unable to identify any of the three 
with previously described forms; and I have, therefore, been com- 
pelled, though with great reluctance, to consider them as new, though 
from the insufficiency of many existing descriptions it may subse- 
.quently be proved that they are some of them identical with forms 
already known. 
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CHAETETES MonILIFoRMIS, Nicholson. PI. IV. Fig. 7, a, 0. 

Spec. char.—Corallum ramose, the branches having a diameter of 
from three to five lines. Corallites polygonal, with thin walls, for 
the most part nearly equal in size, but having a few very small ones 
intercalated amongst the larger ones. The surface exhibits rounded 
eminences (‘‘mamelons”) placed at distances apart of rather more 
than a line, over which the calices are larger than in the intervals 
between them. About four of the ordinary calices occupy the space 
of one line. At each of the angles of each calice is a minute but 
conspicuous nodular thickening, which gives a peculiar beaded ap- 
pearance to the surface, but which is not prolonged inwards into the 
interior of the corallite as a spine. On the contrary, well-preserved 
specimens show that these bead-like or moniliform thickenings of 
the angles of the calices are continued above the general surface in 
the form of short blunt spines, which communicate to the coral a 
roughness readily perceptible to the touch. 

Chaetetes moniliformis appears to be readily distinguished from 
previously recorded examples of the genera Chaetetes, Monticulipora, 
and Séenopora, by the moniliform thickenings of the angles of the 
calices and the spiniform surface projections thence proceeding. 
The walls of the calices (Fig. 7, 6) are thin, and are themselves 
destitute of spines or tubercles, the spines exclusively proceeding 
from the points where the angles of contiguous calices come together. 
Stenopora spimgera of Lonsdale carries spines, as its name implies, 
but these are borne by the walls of the calices all round, and the 
other characters of the fossil are different. Stenopora exilis, Dawson, 
from the Carboniferous rocks of Nova Scotia, also possesses spines ; 
but these likewise spring from the margins of the calices, are much 
more numerous than in the present species, and are different in form 
and arrangement, whilst the calices are oval instead of being poly- 
gonal, and the entire coral is of a more slender and branching habit. 
In addition to its peculiar spines, Chaetetes moniliformis is further 
characterized by the comparatively large size of the calices, their thin 
walls, their polygonal form, and (with the exception of those occupy- 
ing the ‘“‘mamelons”) their nearly equal dimensions. 

Locality and Formation.—Rare in the Hamilton Shales of Widder, 
Township of Bosanquet. 

Cuantetes Barranvt, Nicholson. Pl. IV. Fig. 7, c¢. 

Spec char.—Corallum ramose or forming small lobate masses, 
with a diameter of from two to five lines. Corallites polygonal, thin- 
walled, nearly equal, though with some smaller ones irregularly 
intercalated amongst the larger ones. The surface does not exhibit 
distinct eminences, but here and there are groups of corallites 
slightly larger than the ordinary ones, and separated by intervals of 
about a line and a half. From four to five calices in the space of 
one line. 

This species (Fig. 7, ¢) is closely allied to C. Goldfussi, Edw. and 
H., but is distinguished by the fact that the calices are markedly 
polygonal, instead of being circular or oval, and that they are sub- 
equal, with a very few smaller ones intercalated amongst them, 
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whereas in the latter species there are interspersed numerous exceed- 
ingly minute calices amongst those of ordinary size. From the well- 
known Chaetetes twmidus, of the Carboniferous rocks again, the 
present species is distinguished by the polygonal shape of the calices, 
their thin walls, and their much larger size; the corallites of the 
former being thick-walled and nearly circular, and there being about 
eight of them in the space of one line. 

Locality and Formation—Not rare in the Hamilton Group at 
Widder, Township of Bosanquet. 

CHAETETES QUADRANGULARIS, Nicholson. PI. IV. Fig. 8. 

Spec. char.—Corallum forming exceedingly thin crusts of from 
one-tenth to one-sixth of a line in thickness. Corallites sub-equal, 
with very thin walls, about eight in the space of one line, for the 
most part polygonal, but often quadrangular in shape. The surface 
is smooth, and destitute of eminences, nor are there groups of larger 
corallites regularly interspersed amongst the smaller ones. 

Chaetetes quadrangularis is found commonly encrusting Helio- 
phyllum Halli and Cystiphyllum vesiculosum, and often forming expan- 
sions of considerable extent. The crusts, however, are of excessive thin- 
ness, and are apparently never composed of more than a single layer 
of corallites. It is distinguished from C. tuberculatus, Edw. and H., 
to which it is most nearly allied, by the tenuity of the crusts, the 
smaller size of the corallites, the absence of distinct eminences or 
gibbosities of the surface (‘‘mamelons”), and the very commonly 
quadrangular form of the calices. 

Locality and Formation.—Not uncommon in the Hamilton shales 
of Bartlett’s Mills, near Arkona, township of Bosanquet. 

Genus HELiopHyiium, Hall. 

The genus Heliophyllum is particularly well represented in the 
Devonian rocks of Canada, no less than nine species having come 
under my notice as occurring in rocks of this age. Of these, six 
species, viz. H. Halli, H. Canadense, H. Hriense, H. Hayugaense, /. 
exiguum, and HH. colligatum, have been recorded and described by 
Mr. Billings (Canadian Journal, new series, vols. iv. and v.), and 
one species, viz. H. Colbornense, has been described by myself. All 
these species occur in the Corniferous Limestone, 7. Halli alone, so 
far as at present known, passing on into the Hamilton group. I 
have now, however, to record from this last-mentioned formation one 
apparently new species of this genus, together with another from the 
Corniferous Limestone. 

HELiopHyiium sus-cmspritrosum, Nicholson. Pl. IV. Fig. 9. 

Spec. char.—Corallum small, simple or compound, cylindrical, or 
slightly expanding towards the calice. Arched striz upon the flat 
sides of the septa, and spines upon their free edges, placed at distances 
of from a third to a quarter of a line apart. Calice oval or circular, 
shallow. Septa apparently sixty in number, at a diameter of eight 
lines. Hpitheca with numerous annulations and constrictions of 
growth. Occasional individuals, with the other characters of the 
species, appear to be simple; but the majority of examples increase 
by the production of lateral buds. The new corallites thus pro- 
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duced by parietal gemmation are few in number (generally one or 
two, rarely three), and are directed upwards, nearly in the direction 
of the parent corallite. In some cases calicular gemmation appears 
also to occur. 

H. sub-cespitosum has a general resemblance to Cyathophyllum 
cespitosum, Goldf.; but the presence of well-marked septal strie 
and septal spines, proves it to be a true Heliophyllum. ‘The latter 
species, also, is ‘“fasciculated or astreiform,” and increases princi- 
pally by calicular gemmation, whereas H. sub-ceespitosum never pro- 
duces sufficient buds to form aggregations of any size, and the in- 
crease is principally or entirely by parietal gemmation. It is, further, 
distinguished from the other forms of Heliophyllum by its compara- 
tively small size, its cylindrical form, and its mode of growth, stand- 
ing in this last-mentioned respect almost alone among the species of 
the genus. H. proliferum, Nich., increases in the same way, but is 
a much larger species, and is distinguished by other characters as 
well. 

Young individuals of H. sub-ceespitosum are usually strongly 
nodulated with irregular growth-swellings, and have a length of 
from half an inch to an inch, with a diameter at the cup of from two 
to threelines. Large individuals have a length of from two to three 
inches, with a diameter at the calice of from eight to ten lines. 

Locality and Formation—Common in the Hamilton Shales of 
Bartlett’s Mills, near Arkona Township of Bosanquet. 

HELioPpHYLLUM PROLIFERUM, Nicholson. 

Spec. char.—Corallum large, simple or compound; growing socially 
in particular localities, where numerous individuals occur together, 
nearly in contact, though not organically connected. Form cylin- 
drical, with numerous irregular growth-swellings in the majority 
of examples. Calice moderately deep, with about sixty septa at a 
diameter of fourteen lines. The septa are unequally developed, and 
extend to the centre of the calice, where they are usually more or 
less twisted, and are sometimes elevated-in the form of a central 
boss. Arched septal striz and spines from a third of a line to half 
a line apart. Some individuals appear to be simple; but most in- 
crease by the production of lateral buds, which spring from the 
parent corallite in an obliquely ascending manner. The epitheca 
exhibits numerous encircling strie and annulations of growth. 
Large individuals have a length of seven or eight inches or more, 
with a calicine diameter of an inch and a half, and a similar diameter 
throughout. 

H. proliferum is readily distinguished from the other species of the 
genus by its elongated cylindrical form, its increase by lateral gem- 
mation, and its social habit. Not only is the species composite, in 
the sense that most examples produce one or more lateral buds, but, 
so far as I have observed, it is strictly social, vast numbers of 
individuals occurring together, growing vertically, side by side, but 
separate. I have not seen more than one or two buds borne by a 
parent corallite, and calicular gemmation appears to be unknown. 
The only other species of Heliophyllum known to increase by lateral 
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gemmation is H. sub-cespitosum; but this is a very much smaller 
form, and is solitary in its habits. Detached individuals of H. pro- 
liferum, in which budding appears not to have taken place, may 
usually be recognized by their great length.and almost cylindrical 
form, there being little or no increase of diameter as the calice is 


approached. There are also usually regularly developed constric- 
tions and swellings of growth. 


Locality and Formation.—¥xtraordinarily abundant in one bed of 
the Corniferous Limestone at Ridgeway. 


EXPLANATION OF PLATE IV. 


Fic. 5.—@, Fragment of Alveolites cryptodens, Billings. . Alveolites labiosa, Billings. 
ce. Portion of the stem of Alveolites conferta, Nicholson. All of the natural size. 
From the Corniferous Limestone. 

Fie. 6.—a@. Fragment of Alveolites ramulosa, Nich., natural size. 0. Portion of the same 
Magnified. c. Fragment of Alveolites Billingsi, Nich., natural size. From the 
Corniferous Limestone. 

Fic. 7.—a. Fragment of Chaetetes moniliformis, Nich., enlarged. 6.. A portion of the surface 
of the same still further enlarged. c. A portion of the surface of Chaetetes Bar- 
randi, Nich., greatly enlarged. From the Hamilton Group. 

Fie. 8.—@. Portion of the crust of Chaetetes quadrangularis, Nich., encrusting Heliophyllum 
Halli, slightly enlarged. 6. A few of the calices of the same greatly enlarged. 
From the Hamilton Group. 

Fic. 9.— Heliophyllum suh-ceespitosum, Nich., of the natural size. From the Hamilton Group. 


(To. be continued.) 


IV.—On tHE Formation or Mountains viEwep IN OoNNEXION 
WITH THE SECULAR CooLING oF THE HARTH. 


By the Rev. O. Fisuzr, M.A., F.G.S. 
Being the substance of a paper read at Cambridge, December 1, 1873. 


S a further contribution to the subject of mountain elevation, of 

which the Editor of the Macazrne has given an interesting 

and lucid résumé in his late Presidential Address to the Geologists’ 

Association,’ I send an outline of a paper which was read by me in 
December before the Cambridge Philosophical Society. 

The subject required to be treated in too technical a manner to 
appear in full in the Macazine, or I should have chosen that as the 
-vehicle for its publication; for it was in truth a continuation of a 
paper which has already appeared in these pages.” 


Referring to that paper for the explanation of the meaning of the 
1 See Geox. Mac. 1878, Vol. X. p. 530. 2 Vol, X. p. 248. 
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symbols, and to the paragraph at p. 257, “If however,” et seq., for 
the proof of the equation, I have shown that 
kle = & (a) — & (6). 

I now extend the inquiry to any area of the surface of length 7 and 

width w, and the equation then becomes 

2 klwe = 3 (A) — & (B), 
where 3 (A) and 3 (B) are the volumes of the elevations above, 
and of the depressions below, the ‘‘ datum level.” 

The whole surface of the globe being next taken into account, the 
relation becomes, 

Area of the Globe x 2 ke = 3 (A) — & (B), 

It is important to understand what is meant by the “datum level.” 
It is an imaginary surface, which occupies the position which the 
surface of the crust would occupy at the present time, if it had been 
perfectly compressible, so that no corrugations would have been 
formed in it by lateral compression. Jor it would in that case have 
become simply more dense, without being disturbed in position. 

The above relation assumes that the elevations and depressions, 
out of which the inequalities of the earth’s surface have arisen, are 
due to lateral pressure, and that such pressure has acted everywhere 
parallel to the surface. Hence it is applicable to the earth’s surface, 
although that is not strictly regular in its general form, and may 
contain local elevations and depressions affecting its mean figure,— 
that is, its mean figure as uninfluenced by lateral compression. For 
these inequalities, though of small amount as compared with the di- 
mensions of the globe, may be large in comparison with the quantities 
of which we have to take cognizance in this investigation. Its truth 
in no way depends upon the arrangement of the disturbed rocks, nor 
upon the time at which successive movements have taken place, 
nor upon the alternate elevations and depressions which have at 
different times affected any given region. It includes every effect of 
subsequent denudation, from whatever cause, and to whatever amount. 
In short, it is perfectly general, so long as it is strictly interpreted. 
But it does not take account of elevations or depressions of 
regions of the surface arising from unequal contraction in a radial 
direction, if their result should be to cause a defect of parallelism 
between the datum level and the surface of the ocean, to which all 
our measurements must be in practice referred. However, it does 
not necessarily follow that contractions in the radial direction will 
cause depressions in the ocean bed accompanied with a corresponding 
increased depth of water. For instance, the defect from a true 
circular form in the equator affects the surface of the ocean, to which 
the measurements of geodesy are always referred, so that we do not 
get an additional mile depth of ocean at the extremity of the shorter 
radius. ; 

Assuming then that the continents have been shaped out of the 
master elevations, and that the oceans indicate the positions of the 
master depressions, and that both are ultimately due to lateral 
pressure, I have estimated the value of 2ke for the whole globe 
upon the following data :— 
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(1) The area of the ocean is 146 millions of square miles. 

(2) That of the land is 51 millions. 

(3) The mean depth of the ocean is four miles. 

(4) Its deepest parts are about five miles. 

(5) The mean height of the land is 900 feet (as shown by Mr. 
Carrick Moore).! 

From these data I have obtained as a probable value 2 ke = 11000 
feet, which appears to me more likely to be too small than too large. 

The meaning of this in plain language is, that if all the inequali- 
ties of the earth’s surface were levelled down, they would form a 
coating 11,000 feet thick over the whole globe above the datum 
level; the datum level being such a surface as has been already 
defined. 

Having thus obtained a value for the thickness of the coating 
which all the inequalities of the earth’s surface would form, if 
levelled down, I was led to seek for a measure of the same thing on 
physical grounds. For this purpose I availed myself of Sir W. 
Thomson’s paper ‘On the Secular Cooling of the Harth,” as a basis 
to work from.?, From Mr. R. Mallet’s late investigations on the con- 
traction of slag from an iron furnace,’ I deduced a probable coeffi- 
cient of contraction for melted rock, viz. 0-0000217 for 1° Far. ; and 
with this I obtained a value for 2 ke, or the thickness of the coating 
above defined. Sir W. Thomson’s investigation proceeds upon the 
supposition, founded upon Bischoff’s experiments upon the contrac- 
tion of melted rocks in cooling, that, if the earth, or an outer coating 
of it, were once in a molten state, then, as soon as a crust began to 
form, it would break up and sink, and thus the whole would be re- 
duced to the temperature of incipient solidification before it could be 
permanently crusted over. From the time of such incipient: solidifi- 
cation it has gone on cooling, subject to the laws of cooling of a solid. 

He then proves that upon this supposition the temperature would 
increase from the surface downwards, at first at a nearly uniform 
rate, but at a greater depth much more slowly, until at a certain 
point such a temperature would be arrived at, as would be about 
sufficient to induce fusion under the pressure existing at that depth. 
Now the rate at which the temperature first begins to increase is 
known to be about 1° Far. for 51 feet. Sir W. Thomson has deter- 
mined, by observation on the rocks at Hdinburgh, that their con- 
ductivity on an average is 400. With these data he proves that if, 
for the sake of illustration, the temperature at which the crust began 
to solidify be taken at 7000° Far., then the time since such solidifi- 
cation commenced will have been about one hundred millions of 
years, and that at about 100 miles below the surface the melting 
temperature would be reached. 

Proceeding upon these assumptions, with the coefficient of con- 
traction for rock above mentioned, I have calculated the value of 2 ke, 
or the thickness of the coating which all the elevations would form if 
they were levelled down, and I find it to come out less than 800 feet. 

1 Nature, 1872, vol. v. p. 479. 


2 Edin. Trans, 1862; and Natural Philosophy, p. 711. 
3 Royal Soc. Trans, 1873. 
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Still further, if instead of 7000° Far. we assume 4000° to be the 
temperature for melting rock, which seems to be justified by Mr. 
Mallet’s experiments, then the value of 2ke, or the thickness of the 
coating referred to, would be less than 150 feet. In the latter case 
the time since solidification commenced would be about thirty-three 
millions of years. 

If we compare the values thus found upon two different supposi- 
tions respecting the temperature of melting rock (one of them being 
extravagantly large) with the value for the same measurement as 
determined by estimating the actually existing inequalities of the 
earth’s surface, we cannot but be struck with the immense dis- 
crepancy between them, the latter being from 13 to 80 times as 
large as the former. I am consequently led to doubt the necessity 
for accepting Sir W. Thomson’s restrictions upon the manner in 
which the earth has come into its present state, especially since it 
seems now generally admitted that Bischoff’s results concerning the 
contraction of melted rock cannot be relied upon. This was pointed 
out in 1868 by Mr. David Forbes, and quite recently by Mr. Mallet, 
who has determined the contraction in passing from a molten to a 
solid state to be scarcely 6 per cent., instead of 25 per cent., as stated 
by Bischoff. Probably, therefore, when we take into account the 
intermediate condition of viscosity, we need not assume the breaking 
up and sinking of a crust formed over a molten globe. This view 
is supported by what Mr. Scrope tells us about a lava stream re- 
maining liquid, and even more or less in motion in its central and 
lower portion for years. Indeed, Sir W. Thomson is careful not to 
exclude as impossible ‘the case of a liquid globe gradually solidifying 
from without inwards, in consequence of heat conducted through the 
solid crust to a cold external medium.” 

If this has been what has happened, there may have been a much 
larger nucleus inclosed within the crust in early times than we have 
at present, and thus the corrugations formed would have been larger. 
And a great portion of that nucleus consisting of superheated rocks 
in a state of igneo-aqueous fusion, much of the water may have 
escaped in steam during the frequent volcanic outbursts of pristine 
ages, so that a large portion, at any rate, of the oceans now 
above the crust may have been originally confined beneath it; and 
thus a much greater amount of contraction may have taken place 
than mere cooling would account for. 

It is obvious that this reasoning will apply equally well to the case 
of a solid globe originally covered with a sufficiently deep layer of 
molten rock, which is the condition supposed by Sir W. Thomson 
to be the most probable, a view strongly supported by Dr. Sterry 
Hunt,’ and more in consonance with the rigidity considered requisite 
to obviate the production of internal tides. But at the same time it 
is to be remarked, that a highly fluid original condition of the 
interior may have lasted long after mountains commenced to be 
formed, and yet its condition need not continue such at the present time. 


1 Volcanoes, 2nd ed. p. 84. 
® American Journal of Science, vol, v. p. 264. 
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V.—On THE Formation oF Mountains; BEING A REpLy To CaPTaIn 
Hurton’s ARTICLE IN THE JANUARY NumBER, Pack 22. 
By Rey. O. Fisuer, M.A., F.G.S. 

HE cause of the formation of mountains is so difficult and so 
vast a question that I cannot undertake to answer all Captain 
Hutton’s objections to what he concisely calls the ‘‘ contraction” 
theory. Moreover, I feel that, as far as my endeavours can help to 
elucidate so great a subject, I shall do better to throw what I have 
further to say into a form which is not controversial. J desire not to 
be held a champion of any theory, and shall always honestly abandon 
any position, which subsequent consideration leads me to think un- 
tenable. Thus with respect to paragraph (7), p. 26, in Captain Hutton’s 
rejoinder to my critique, I refer to the abstract I have sent to the 
Magazine of my paper lately read at Cambridge, for it supersedes 
some of the purely tentative suppositions to which Captain Hutton 
takes exception, and which I adopted six years ago as “not un- 

reasonable,” in order to test the application of the theory. 

I have already admitted that some elevatory effect may probably 
be produced under the conditions that Captain Hutton supposes, as 
the consequence of “deposition,” and I have shown what amount of 
elevation I should attribute to them on page 255, Grou. Maa. Vol. X. 

I will now take in order Captain Hutton’s replies to my criticisms 
under the headings as he has marked them. 

(a.) (Par. 1). I refer the reader to my own statement of this 
argument; for I think Captain Hutton has not quite understood my 
meaning. I certainly did not intend to state that, on account of 
horizontal pressure, “no upward rising would take place,” and do 
not see what words of mine can be thus paraphrased. But with this 
exception, my views are correctly stated in the first paragraph. 

(Par. 2). The damped paper stretched on a board is an ex- 
cellent illustration, and, I may remark, does not usually rise up 
into a dome. But it needs to be observed that exactly the same 
effect of wrinkling would result from a contraction of the board 
as from the expansion of the paper. Mr. Maw’s example is also 
in point, so long as the tracts of the earth’s surface, which we 
compare to the brick coping, are not too large in comparison to their 
thickness, and of sufficient homogeneity and rigidity to be fairly 
represented by a course of bricks laid edgeways. 

(Par. 3). In the fundamental proposition of my paper “On the 
Elevation of Mountains,” 1869, Iam seeking the utmost pressure 
which could accrue, if the shell were self-supporting and did not 
give way. Jor this purpose I suppose it rigid; but by no means say 
it is so, but the contrary. If it were rigid, we should get a certain 
enormous pressure. Since it is not rigid, it gives way; and the 
maximum pressure is never attained. I have been entirely mis- 
understood here. 

I cannot quite make out whether Captain Hutton means to express 
the same thing that I understand by “an arch” or “dome.” If b 
an arch or dome he means what usually go by those names, then the 
case is not analogous to that of a portion of the earth’s spherical 
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crust. Because in the case of an arch or dome part of the force of 
gravity may be resolved in the direction of the curve of the arch or 
dome everywhere, except at the crown ; and the conditions of equi- 
librium depend essentially upon this fact. In the case of the earth’s 
crust, considered as a whole, such is not the case, for gravity is 
everywhere perpendicular to the surface. Any small portion of the 
crust, however, which has been already elevated (by any means) into 
an anticlinal, is to some extent under the conditions of an arch or 
dome, and may be partially supported as an arch or dome would be, 
as I have particularly pointed out in my paper of 1869. 

The gist of my argument against Captain Hutton’s main proposition 
lies here. For if the portion of the crust supposed ready to expand 
beneath newly-deposited matter were maintained, partly by forces 
acting as the pressures act along an arch,—that is, partly upwards or 
against gravity,—then, if the crust expands, an upward movement will 
ensue; and this seems to be Captain Hutton’s view. But if, as I 
contend, the forces along the crust are horizontal,—that is, at right 
angles to gyravity,—expansion will not cause any direct upward 
pressure; and there will be, consequently, no tendency to raise the 
portion of crust into a dome in preference to crumpling it into any 
other form, which would equally suffice to relieve the pressure ; and 
in which, by a due admixture of synclinals with anticlinals, the 
centre of gravity of the portion as a whole would be raised only by 
the small amount necessarily due to its deformation. 

(b.) I by no means consider that such crushing as I contemplate 
is inconsistent with the formation of anticlinals. On the other 
hand, I have expressly stated that horizontal pressure would break 
up a layer of rock into “a series of synclinals and anticlinals inter- 
spersed with faults.” (By-the-bye, we hear little about synclinals 
in Captain Hutton’s theory.) Before we can argue upon the word 
“crushing,” we must define what it means when applied to matter 
operated on upon so grand a scale as the earth’s crust has been. 
There are but few (I will not say no) mountain sections in which I 
should not call the strata ‘“‘ crushed.” 

On the “contraction” theory, the upper strata of aqueous rocks will 
have been subject to less compression, because they have experienced 
the effects of only the later stages of contraction. They are not there- 
fore subject, as Captain Hutton says, to the greatest, but to the least 
compression. The difference of compression resulting from the 
curvature of the surface in the upper and lower parts of the crust 
would be absolutely inappreciable, on account of the small thickness 
of that crust, compared to the dimensions of the globe. 

(c.) I think my reasonings referred to under this head are correct 
upon the premisses. I did not make the sinking of an adjoining 
area one of these. But the possibility of such an occurrence, and 
its effect, is taken account of in other parts of my paper. 

(d.) In what I am told is my fourth argument, I do not recognize 
myself at all. It is said to be that the specific gravity of the dis- 
turbed rocks “ought” to be less than it was before. ‘This would 
be the case with the rocks that caused the movement only while 

DECADE I1.—VOL. I.—NO, II. 5 


66 Rev. O. Fisher—Reply to Capt. Hutton. 


they were heated, and even then the difference would be too small 
to detect.” This reads as if I grounded an argument upon ex- 
periments upon the specific gravities of the rocks! In considering 
the conditions of equilibrium of the expanded rocks, it is perfectly 
true that I have assumed their specific gravity to be altered in the 
inverse ratio of the volumes, which I suppose no one will deny to 
be correct in principle. 

I will not follow Captain Hutton into his ‘‘reasons for rejecting 
the contraction theory ”’ at present; but if, as I hope to do, I pursue 
the subject further, I will bear them in mind, and IJ think I shall 
be able to meet many of them. I trust in the meanwhile that he 
will not be too absolute in his rejection; for it is certain that the 
earth is a cooling sphere, and consequently must be a contracting 
one. And if it be a contracting one, the superficial rocks must have 
been deranged by conipression. And when we look at sections, 
whether in the field, or in diagrams to true scale, we cannot but be 
astonished at the amount of this compression, which must somehow 
or another be accounted for; and the “deposition” theory may claim 
attention as one partial mode of doing this. Nor need we be very 
much alarmed by such considerations as are advanced under Captain 
Hutton’s eighth head. Jor a rate of shrinking in the earth’s radius 
of 24 feet in a century, which is about 17 yards in 2000 years, would 
diminish the length of the day during siz thousand years by only 
3—dths of a second of time.* 

I should much like to see a diagram showing a range of moun- 
tains formed on Captain Hutton’s theory. I dare not attempt to offer 
one myself, for it would either be too unlike any ordinary mountain 
section, or else I should lay myself open to the rejoinder that I have 
entirely misunderstood the question. I say this because I think 
that continuous domes, such as Captain Hutton relies upon for the 
elevations given in his table, are quite exceptional phenomena, if 
indeed they are to be met with. But my chief objection to his 
particular theory is, that I cannot see how, on mechanical grounds, 
the compression which would accrue from the expansion which 
he supposes would raise a dome at all. 

Finally, I cannot refrain from saying that I believe, in. the past 
history of the earth, there are probably causes to be taken into 
account, which have not as yet been dreamt of. And there are facts 
to be accounted for, which as yet are wholly beyond the reach of our 
theories. Though every step of reliable knowledge is an advance in 
the right direction, yet it is highly probable that the goal will never 
be fully reached by man’s finite powers. 

[ Errata in Rev. O. Fisher’s paper on the Formation of Mountains, 
Vol. X. No. 6, p. 258, line 14 from top, for J (1 + e) x 1, read/ x 1. 
Page 260, note 3 should stand—See a paper on Coral Reefs by J. C. 
Ward, in the “ Popular Science Review” for April, 1873, p. 170. ] 


1 Pratt’s Figure of the Earth, 4th edition, p. 204. 
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VI.—On a New Section or Pre-Gractan Wurtrt Chay anp SAND 
NEAR Moup. 


By D. Macxintosu, F.G.S. 


R. GEORGEH MAW, in the Geonocrcan Magazine, Vol. IV. 
pp. 24 and 299, has described a number of sections in Flint- 
shire and Denbighshire in which white clay or sand occurs under 
Boulder-clay. A newly-exposed section near Colomendey Hall, 
about three miles from Mold, is very important on account of the 
complete series of glacial drifts by which the white clay is overlain. 
I lately examined it in company with Mr. Manning, of the Chester 
Natural Science Society. 


Section or Deposits NEAR CoLOMENDEY Hatt. 
(order descending). 

1. Brown clay, with a few nearly angular stones, some of them scratched; 7 feet in 
thickness. 

2. Sandy and clayey gravel, with numerous stones (both small and rather large), most 
of them rounded, and some of them scratched; from 2’ to 3 feet. 

3. Brown clay, with many stones, and at its base large boulders, most of them much 
scratched and striated ; about 6 feet. 

4, Bluish or dark-coloured clay, with many stones, the latter much polished, and 
intensely and often uniformly scratched and striated; greatest thickness about 
6 feet.! 

5. The stony blue clay graduating downwards into laminated stoneless blue clay, with 
black carbonaceous matter; about 3 feet. 

6. The above passing downwards into more or less laminated white clay graduating 

into white sand; about 18 feet. 

. Broken and. decomposing chert. 

. Carboniferous Limestone rock. 

Remarks.—The basin in which the above deposits are packed is 
said to be about 300 yards in diameter: The broken chert, white sand, 
and clay would appear to have been accumulated before the glacial 
period. Before or at the commencement of the deposition of the 
blue clay there would seem to have been a sweeping of carbonaceous 
matter into the hollow, and a washing up, staining, and partial 
re-deposition of the upper part of the white clay. Severe glacial 
conditions must have accompanied the accumulation of the blue 
clay; and during the continuance of these conditions, a more or less 
different source of supply must have furnished the materials com- 
posing the lower brown clay. The gravel-bed and the clay above 
would appear to have been deposited during very mitigated glacial 
conditions. The white clay, according to Mr. George Maw, may be 
regarded as the residue of the limestone, after the calcareous matter 
was carried away by aqueous dissolution. If so, the silica and 
alumina composing the white clay, however short a distance it may 
possibly have travelled in this instance, must in one case at. least 
have been carried a considerable distance from the parent limestone 
rock. In the Mold valley, three miles off (as lately ascertained by 
boring operations), the order of the drifts and white clay is much 
the same as at Colomendey, though the underlying rock belongs to 
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' Nearly all that can be seen of the blue clay fills up a’hollow in the white clay. 
But a bore-hole at some distance from the pit reveals its existence in the same 
position relatively to the other deposits. 
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the Coal-measures. There is some reason to believe that in this area 
one or more lakes existed in preglacial times. 

The boulders in the drifts at Colomendey are chiefly limestone, 
though felstone is likewise present. Many of the smaller stones 
consist of vein quartz and Wenlock shale or grit. The fact that 
many of the stones must have come from some , distance, and a few 
of them (the felstones) from a great distance, is sufficient to show 
that the drifts could not have been deposited by a cause limited to 
this particular hollow, and that here they must either have been 
arrested, while in exposed situations no deposition took place, or 
that a more extensive deposition was followed by denudation, which 
left this patch on account of its being protected. The preglacial 
white clay is probably a freshwater deposit. The overlying drifts 
must have been accumulated by the sea, floating ice, land ice, or by 
these three agencies combined. It is worthy of remark that many of 
the small stones in the blue clay are much rounded, as if they had been 
subjected to attrition under water. This clay evidently belongs to 
the oldest drift yet discovered’ in the north-west of England and 
Wales. On washing it, its structure is found to differ from that of 
the lower brown clay of the plains, and likewise from that of the 
pinnel of the Lake District. With a hummocky and much denuded 
surface, a similar blue clay is found underlying these deposits on the 
coast of North Wales and in Cumberland.' 
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I.—Tuer Srconpary Rooxs or Scornanp. (Second Paper.) On 
tHE ANCIENT VOLCANOS OF THE HIGHLANDS, AND THEIR RELA- 
TIons TO THE Mxsozorc SrrRata.? 

By Joun W. Jupp, F.G.S. 

Iniroduction.—The vestiges of the Secondary strata on the west 
coast of Scotland have been preserved, like the interesting relics 
of Pompeii, by being buried under the products of volcanic erup- 
tions. The deposition of the Mesozoic strata in this district was 
both preceded and followed by exhibitions of volcanic phenomena 
on the grandest scale; and it is only by a careful study of the 
records of these two oreat periods of igneous activity that we can 
hope to understand the remarkable relations of the fragments of the 
intermediate sedimentary formations, or to account for the gosthun 
ties which they present. 

That the rocks forming the great plateaux of the Hebrides and 
the north of Ireland are really the vestiges of innumerable lava- 
streams, is a fact which has long been recognized by geologists. 
That these lavas were of subaerial and not subaqueous origin, is 
proved by the absence of all contemporaneous interbedded sedi- 
mentary rocks, by the evidently terrestrial origin of the surfaces on 
which they lie, and by the intercalation among them of old soils, 


1 See Guou. Maa. Vol. VII. Oct. and Dec. 1870, and Vol. IX. January, 1872. 
2 Abstract of a paper communicated to the Geological Society on January 21, 1874, 
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forests, mud-streams, river-gravels, lake-deposits, and masses of 
unstratified tuffs and ashes. From the analogy of existing volcanic 
districts, we can scarcely doubt that these great accumulations of 
igneous products, which must originally have covered many 
thousands of square miles, and which still often exhibit a thickness 
of 2000 feet, were ejected from great volcanic mountains; and a 
careful study of the district fully confirms this conclusion, enabling 
us, indeed, to determine the sites of these old volcanos, to estimate 
their dimensions, to investigate their internal structure, and to trace 
the history of their formation. 

The Tertiary Volcanos.—The petrology of the Western Isles has. 
been made the subject of careful study by Professor Zirkel, of 
Leipzig, to whose investigations we are very deeply indebted. ‘The 
Tertiary igneous rocks may be classified, according to their ultimate 
chemical composition, into two series, known as the acid and basic 
igneous rocks. In each of these series the proportions of the 
several ingredients in its various members are almost identical ; but 
in structure the rocks of either series vary from the coarsest crystal- 
line aggregates to the most perfect glass. The acid series consists 
of granite, felsite, felstone, and pitchstone; the basic of gabbro, 
dolerite, basalt, and tachylite; the members of either series exhibit 
innumerable varieties, and pass into one another by the most in- 
sensible gradations. The igneous rocks of both classes form lava- 
streams, often of great thickness and extent, and exhibiting many 
interesting peculiarities of the amygdaloidal and columnar structures ; 
eruptive masses varying in size from great mountain groups to the 
smallest dykes and veins; volcanic agglomerates, composed of the 
scoriz and ashes ejected from volcanic vents ; and volcanic breccias 
made up in great part of the fragments of the various Paleozoic and 
Secondary rocks through which the volcanos have burst. Among 
the volcanic agglomerates are found beautiful examples of the more 
stable of the species of minerals characteristic of the noe nvouieed 
of volcanic vents. 

The relations of these several igneous products to one another are 
beautifully exemplified in the Island of Mull. We here find proof 
that the volcanic activity of the Tertiary period commenced with 
the eruption of felspathic lavas. and associated fragmentary materials. 
These were accompanied by the intrusion among the surrounding 
strata, which they greatly metamorphosed, of great masses of fluid 
rock of acid composition, and the extrusion among the other igneous 
products of similar liquefied materials, which consolidated into 
felsite and granite. The great volcanic mountains thus formed 
appear to have remained in a state of comparative quiescence for a 
vast period, during which they were subjected to great denudation, 
and then through their midst were forced great masses of fluid 
basaltic rocks, which continued to flow at intervals during enormous 
periods, and gave rise to streams of basalt which accumulated to the 
thickness of many hundreds and even thousands of feet. The great 
intrusive bodies of this same rock consolidated into mountain masses 
of gabbro and dolerite. While the earlier felspathic lavas appear to 
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have rarely flowed to a distance of more than ten miles from the 
voleanic vent, those of basaltic character often extended to distances 
of fifty or sixty miles, or even more. The same difference of 
behaviour of the two classes of lava has often been remarked in the 
case of existing volcanos. 

Besides the volcano of Mull, we have evidence of the existence of 
four other great vents in the northern part of the Hebrides, namely, 
in the peninsula of Ardnamurchan, and in the islands of Rum, 
Skye, and St. Kilda respectively. In each of these a pericd charac- 
terized by the eruption of felspathic lavas was followed, after a con- 
siderable interval, by one during which nearly all the materials 
thrown out were of basaltic composition. The volcano of Mull is in 
a far more perfect state of preservation than the others, owing to 
the great amount of central subsidence which has taken place in its 
mass. This central subsidence appears to be strictly analogous to 
that which has been shown by Mr. Darwin, Mr. Heaphy, and Krug 
ven Nidda, to have occurred in the case of recent volcanos in the 
Cape de Verde Islands, New Zealand, and Iceland. From an ex- 
amination of the areas covered by the great Tertiary volcanos of the 
Hebrides, and of the interesting data afforded by the present posi- 
tions of their lava-streams, etc., we are able to estimate that while 
the voleanos of Mull and Syke were certainly of far greater bulk 
than Etna, those of Ardnamurchan, Rum, and St. Kilda could have 
been of scarcely inferior dimensions. 

There is proof that after the extinction of the five great volcanos 
of the Northern Hebrides and the very extensive denudation of the 
great plateaux composed of their lavas, there burst out a number of 
sporadic eruptions which resulted in the formation of comparatively 
small volcanic cones, analogous to the “puys” of Central France, 
which have been so admirably described by Mr. Poulett-Scrope. 
These “puys” of the Hebrides are very numerous, and are exhibited 
to us in various stages of preservation. 

The formation of the various volcanic piles of the Western Isles 
was accompanied by the intrusion of innumerable igneous masses of 
all sizes among the surrounding older strata. The liquefied rocks 
of acid composition accumulated in great lenticular masses in the 
midst of the stratified rocks, consolidating into felsite and granite; 
while the heavier and more fusible basaltic materials spread between 
the strata in vast sheets of enormous extent, which, when cooled, 
formed dolerite and basalt. Besides the larger intrusive masses, the 
whole district around each of the volcanic vents is traversed by a 
wonderful plexus of dykes and veins, composed of both acid and 
basic rocks, some of the dykes of basic composition extending to 
extraordinary distances, as pointed out by Prof. Geikie. The great 
igneous masses, besides disturbing the older strata through which 
they have been forced, have effected a remarkable metamorphism in 
them, the amount of this metamorphism and the distance to which 
it extends being in each case proportioned to the bulk of the intru- 
sive mass. 

From a consideration of the whole of the evidence it appears 
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highly probable that the first period of igneous activity (namely, 
that of the eruption of felspathic lavas from the great volcanos) 
was contemporaneous with the Hocene sedimentary formations; the 
second period, that of the great and prolonged outbursts of basaltic 
lavas from the same vents, was certainly that of the Miocene; while 
the third period, or that of the formation of the “ puys,” may, with a 
great show of probability, be correlated with the Pliocene. 

The igneous activity during the Tertiary period in the Northern 
Hebrides appears to have extended in all its magnitude, and to have 
exhibited similar stages in its development, far to the southwards, 
as is illustrated by the rocks of Arran, Antrim, and the Mourne 
Mountains. But even this tract, extending 400 miles from north to 
south, which was characterized by grand volcanic phenomena during 
the whole of the Tertiary period, can only be regarded as a portion 
of the great belt of voleanos which at that epoch extended through 
Greenland, Iceland, the Faroe Islands, the Hebrides, Ireland, Central 
France, the Iberian peninsula, the Azores, Madeira, Canaries, Cape 
de Verde Islands, Ascension, St. Helena, and Tristan d’Acunha, and 
which constituted, as shown by the recent soundings of H.M.S. 
‘Challenger,’ a mountain-range comparable in its extent, elevation, 
and volcanic character with the Andes of South America. The 
admirable manner in which the relations between the Volcanic and 
Plutonic rocks are exhibited in the old volcanos of the Hebrides, 
renders them of special interest to the geologist; and the further 
illustrations of the same phenomena which are afforded to us by the 
relics of a still older series of volcanos, are made more clear and 
striking by the aid of their analogies. 

The Newer Paleozoic Volcanos.—In the district of Lorn we find 
a great series of old felspathic lavas which, in their lower part, 
alternate with conglomerates and sandstones, and which, in their 
higher portions at least, appear to be of subaerial origin. It is 
evident that we have here the relics of what was once a widely 
spreading plateau, made up of lava-streams, like that of Tertiary age 
already described. These rocks were evidently formed long subse- 
quently to the Lower Silurian strata, but before any of the Secondary 
sediments were deposited. 

The central and southern districts of Scotland exhibit enormous 
masses of igneous rocks, in part at least of subaqueous origin. ‘These 
exhibit a very close similarity in petrological character with the lavas 
of Lorn, and are shown, by the interbedded and contemporaneous 
fossiliferous sediments associated with them, to range in age from 
the Lower Old Red Sandstone to the Lower Carboniferous. 

Along the whole line of the Grampian Mountains we find a number 
of granitic magses connected with a wonderfully complicated series 
of veins and dykes of rocks of similar composition. These igneous 
intrusions, which disturb and metamorphose the surrounding strata, 
are evidently, as shown by Murchison and Geikie, of far later date 
than the Lower Silurian, but are earlier than the Secondary strata. 

Concluding, as we cannot avoid doing, that these igneous intru- 
sions and the subaerial and subaqueous lavas of similar composition 
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were all formed during the Newer Palzozoic periods, we are led to 
the presumption of their probable former connexion with one 
another. By the phenomena presented at a number of interesting 
points, such as Beinn Nevis and Glencoe, where the granite rocks 
and the lavas are so associated with one another and with masses of 
volcanic agglomerate as to demonstrate the identity of their origin 
with that of the similar masses of Tertiary age in the Hebrides, this 
presumption is converted into certainty. The Newer Paleozoic 
period of volcanic eruption terminated, like that of the Tertiary 
epoch, by a grand development of “ puys” during the Carboniferous 
and Permian periods. Of these, the celebrated Arthur’s Seat, near 
Edinburgh, and many similar cases in Fife and the Lothians, may 
be cited as examples. 

.Conclusion.—It appears that during the Newer Paleozoic and the 
Tertiary periods, the north-western parts of the British archipelago 
were the scene of displays of volcanic activity upon the grandest 
scale. During either of these, the eruption of felspathic lavas, etc., 
preceded, as a whole, that of the basaltic; and in both, the volcanic 
action was brought to a close by the formation of “puys.” The 
range of Newer-Palzozoic volcanos arose along a line striking N.E. 
and §.W.; that of the Tertiary volcanos along one striking from 
N. to §.; and each appears to have been connected with a great 
system of subterranean disturbance. It is an interesting circum- 
stance that the epochs of maximum volcanic activity, the Old Red 
Sandstone and the Miocene, appear to have been coincident with 
those which, as shown by Prof. Ramsay, were characterized by the 
greatest extent of continental land in the area. 

The Secondary strata were deposited in the interval between the 
two epochs of volcanic activity, and the features which they present 
have been largely influenced by this circumstance. Apart from this 
consideration, however, the volcanic rocks of the Highlands are of 
the highest interest to the geologist, both from their enabling him 
to decipher to so great an extent the “geological records” of the 
district, and from the light which they throw upon some of the 
obscurest problems of Physical Geology. 


I].—Brizrr Asstrracts For 1873. 

Tue following Abstracts are intended to serve as the commence- 
ment of a “Record of Geological and Paleontological Literature 
for 1878,” to embrace abstracts of all papers published abroad or 
in the provinces.! 

Anon. Geological List. 1873. 2nd Rep. Winchester Coll. Nat. Hist. 
Soc., pp. 80-82. 

A list of the principal sections in the neighbourhood of Winchester, 

1 The work will be carried on under the direction of a Committee appointed by 
the British Association, which at present consists of Mr. Henry Woodward, Prof. 
Williamson, Mr. F. W. Rudler, Mr. L. C. Miall, Mr. W. Topley, Mr. W. Whitaker, 
Mr. G. A. Lebour, Mr. W. Carruthers, and Mr. Horace B. Woodward. The co- 
operation of geologists is earnestly desired. Copies of papers and Transactions of 


Local Societies will be gladly received by the Secretary to the Committee, Henry 
Woodward, Eprr. Gzor. Mae. 


Brief Abstracts of Geological Papers. 1 i 


with a note of the fossils that have been found in them, followed by 
a short ‘Synopsis of the Fossil Fauna.” 


Horcuinson, P.O. Submerged Forest and Mammoth Teeth at Sid- 
mouth. Trans. Devon. Assoc., vol. vi. part 1. pp. 282-236. 

In the winter of 1872 reefs of rocks and beds of clay that had not 
been seen for many years were laid bare on the coast at Sidmouth. 
In the alternations of clay and gravel shown there were stumps of 
trees, which must have grown in their present positions when the 
land was at a higher level than now, as they are about eight feet 
below high-water. 

Linrorp, W. On Quarries at Beer, in Devonshire, and some of 
their Fossils. Trans. Edin. Geol. Soc., vol. ii. part il. pp. 
181-184 (and p. 190). 

Of these quarries, three are subterranean and one open. The 
section of the last is given as follows :—lLayers of chalk, layers of 
sandstone, layers of freestone, and a coarse sandstone, which pro- 
bably rests on greensand. All the beds belong to the Chalk, and 
are mostly fossiliferous. In the upper part of the Chalk with flints, 
a few pebbles and one small boulder have been found. The free- 
stone is much used for building. 


ParFitt, E. Annelids versus Raindrops. Trans. Devon. Assoc., vol. 
vi. part i. pp. LO7-110.. 

This is a rejoinder to a paper by Mr. T. M. Hall, wherein certain 
markings on some North Devon rocks were referred to the action of 
rain, or rather of drifting sand, during their deposition. The author 
argues that these markings are those of worms, from the facts that 
the impressions are in different directions, whilst if they had been 
caused by a shower they would have been in one direction ; and that 
they occur in the rocks to a vertical depth of at least thirty feet, 
which, on the raindrop theory, would need a storm lasting for very 
many years. 

Prnertity, W. (1) The Ossiferous Caverns and Fissures in the 
Neighbourhood of Chudleigh, Devonshire. (2) The Liter- 
ature of the Cavern at Ansty’s Cove, near Torquay, Devon- 
shire. (3) The Literature of the Caverns at Buckfastleigh, 
Devonshire. Trans. Devon. Assoc., vol. vi. part i. pp. 46-72. 

These papers, the continuation of a series on Devonshire Caverns, 
give a full account of what has been written on those in question, 
with explanatory remarks by the author. ‘The first two caverns are 
ossiferous, but those at Buckfastleigh are not. 


Prencetty, W. The Granite Boulder on the Shore of Barnstaple 
Bay, North Devon. Trans. Devon. Assoc., vol. vi. part i. pp. 
211-222. 

The author first notices what has been written on this boulder 
(a block that weighs over ten tons), and then considers the ques- 
tions that it suggests. (1) As to its origin, which he concludes may 
be from the west of England, or may be from the north. (2) As to 
its transportation, which it is argued must have been brought about 
by ice-action. (3) As to its age, which must be far removed from 
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our own time, for the boulder underlies the raised beach of Barn- 
staple Bay. And as that beach contains shells of the same species as 
those now living on the coast, which are not dwarfed (as they would 
have been in an icy sea), it is inferred that the boulder must have 
been deposited long before the beach above it. 

W. W. 


PROCEEDINGS OF THE LITERARY AND PHILOSOPHICAL SOCIETY, 
MANCHESTER. 

Binney, H. W., F.R.S. (Jan. 21st, 1873), exhibited drawings of 
petioles of specimens allied to Anachoropteris Decaisnii of Renault, 
of oval form, from the Lower Coal-measures of the Foot Mine, near 
Oldham, Lancashire. Also a plant from the Lower Brooksbottom 
seam of coal, allied to the genus Anachopieris. 

Puant, Jonny, F.G.S. (Jan. 27th, p. 118.) “Description of 
Minerals and Ores from Venezuela,” Collected by Mr. J. M. Spence. 
Gold quartz, galena, copper ores, iron ores, coal, and graphite. 

Wiuuramson, Prof. W. C. (Feb. 4th), stated that the second plant 
described above was not a new genus, but the fruit of Asterophyllites. 

Brockpank, William, F.G.S. (Feb. 18th). ‘Notes on supposed 
Glacial Action in the Deposition of Hzematite Iron Ores in the Fur- 
ness District.” Heematite occurs (1) filling hollows in limestone, 
capped by glacial drift; and (2) in veins in the limestone, and in 
irregular pockets. The author considers the iron ore to have been 
transferred by the action of an ice-sheet from the place of its original 
occurrence, and redeposited with the glacial drift in the crevices and 
hollows of the limestone (1). Giving a section at Dalton-in-Furness 
to explain his views. " 

Dawkins, W. Boyd, F.R.S.. “The Results of the Settle Cave 
Exploration.” (p. 61.) Romano-Celtic enamelled jewelry and 
implements, in the upper bed of the Victoria Cave, of the era pre- 
ceding the conquest of West Yorkshire and Mid-Lancashire by the 
Northumbrians. Beneath this stratum lay six feet of angular stones 
with neolithic flint flakes. Below occurred a stiff clay, believed to 
be of glacial origin, nearly thirty feet thick, resting on an ossiferous 
bed, with remains of cave bear, mammoth, reindeer, etc. 

Bryney, EH. W. (March 4th, p. 72), states that the plant believed 
by himself to belong to a new genus, alluded to by Prof. Williamson 
as belonging to the genus Asterophyllites, was described by Prof. 
Renault, of Cluny, as a Sphenophyllum (Comptes Rendus for 1870). 

Dawsins, W. Boyd, F.R.S. (March 18th, p. 838.) “ Observa- 
tions on the rate at which Stalagmite is being accumulated in the 
Ingleborough Cave.” Three holes were bored, and gauges of brass 
wire gilt inserted in the base of the stalagmite, 13th March, 1878. 
The possible age of the “jockey cap” stalagmite was calculated in 
1845 by Prof. Phillips, from observations of Mr. James Farrar, at 259 
years. Mr. Dawkins found the rate of increase to be 0: 2946 inch a 
year, and that the whole of the stalagmite and stalactites of the 
Ingleborough Caves may not date further back than the time of 
Edward the Third. 

Brockpank, William, F.G.S. ‘Notes on the Victoria Cave, 
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Settle.” Alludes to papers of Messrs. Dawkins and Tiddeman, stating 
the clay overlying the lower cave earth to be of glacial origin, which 
the author thinks improbable, the laminated clay occurring “in the 
cave on the surface at a point where it can only be of most recent 
origin, near the dome which terminates in a ‘pot-hole,’ by which” 
the clay has entered, derived from the glacial clays lying in hollows, 
on the surface of the ground, as are similar clays, occurring in other 
caverns where a theory of glacial introduction would be possible. 
The author also differs from Mr. Tiddeman, who ascribes the base 
of the talus at the entrance to glacial age, in believing it to have 
been formed by matter falling from above, finding in that part of 
the talus a smoothly rounded limestone boulder like those occurring 
in “pot-holes,” and from other reasons, the whole resting on the 
original entrance to the cave, which afterwards became covered up. 

Spencn, Mr., F.C.S., communicated the fact to the Society that an 
African diamond immersed in fine clay in a small crucible, subjected 
to a heat, at no time beyond cherry red, entirely volatized and dis- 
appeared after three days’ exposure. 

Wixramson, Prof. (April 1st, p. 106), alluded to the species of 
Asterophyllites, considered to belong to Sphenophyllum by Renault, 
and remarked on the very close affinity of the two genera. 

Dawstns, W. Boyd (April 15th, p.111), Secretary of the Committee 
of the British Association for carrying on the explorations of Victoria 
Cave, replies to Mr. W. Brockbank’s paper, mentioned above, 
reiterating his belief that the cave-bed at the bottom is pre-glacial, 
and stating that so far from 100 tons of earth having fallen on the day 
of Mr. Brockbank’s visit, probably the mass weighed less than a ton. 

Prant, John, F.G.S. (April 21st, p. 146.) “Notes on a Fossil 
Spider in Ironstone of the Coal-measures.” Discovered by Mr. Elliott 
Hollier, in ironstone nodules in Dudley Coal-field, described by Mr. 
H. Woodward as Hophrynus Prestvicii in Guo. Mac. 1871. 

C. E. De BR. 


RAV LEAS - 
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I.—A Brier Account or M. Denesse’s Boon, “LirHoLtocir pu 
Fonp pes Murs,” published under the auspices of the Minister 
of Marine and of Public Works. (Paris: E. Lacroix, 1871.) 
By G. A. Lexour, F.G.S. 
DELESSE divides the matter of his important work into the 
e five following parts :— 
I.— Preliminaries. 
Methods adopted in studying the deposits 
Orography of France and of its submarine shores. 
I.—Principal agents of the submarine deposits. 
Organic agents 
( Atmosphere. 
external ...< Fresh and brackish waters. 
{ Sea. 
( Subterranean waters 
\ internal ... ( Eruptions. 
Dislocations. 


Inorganic agents 
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III.—Marine Deposits of the French Coasts. 
Littoral and submarine deposits. 
Distribution of Mollusca. 

IV.—Lithology of the principal Seas of the Globe. 
France.—New World.—Old World. 

V.—France at different Geological Epochs. 
Deposits of the old French seas. 
Deformations undergone by these deposits. 

It will be seen that under each of these heads can be grouped a 
very considerable number of geological facts and problems, and the 
author is not one likely to slur over his work. Indeed, he appears 
to have not only collected all the available evidence as to the nature 
of the bottoms at innumerable points of the ocean, but to have made 
in person, or through his assistants, analyses of a large proportion 
of the soundings obtained. As is natural im a national work, those 
portions of it which are immediately connected with France are 
treated in a much more exhaustive manner than those relating to 
other parts of the world. It is partly for this reason that I know 
that M. Delesse is anxious that English geologists should be made 
acquainted with the less extensive but equally important pages of 
his work which relate to the seas of Britain, and with the more 
general results of his investigations, which must be of interest to 
geologists of every country. My task, therefore, in the present 
article is simply that of laying before the readers of the GrozocicaL 
Macazine as fair an abstract as I am able of those points just re- 
ferred to, giving the author’s views without criticism or comment, 
leaving such disquisitions for a future occasion. 

I.—The methods employed in studying the deposits need not 
detain us. They consist in ordinary chemical analysis, sifting and 
washing. One point, however, is worth noting in passing. It is that 
in the residue of washings, even of very argillaceous deposits, a great 
abundance of silex, and especially of quartz,’ is invariably present. 
This fact gives one a good idea of the complexity of origin of most 
of the bottoms, and cannot fail to add greatly to the difficulty expe- 
_ rienced in tracing them back to their parent rocks. 

Il.—Among the organic agencies contributing to the formation of 
marine deposits, M. Delesse numbers not only the enormous amount of 
débris due to mollusca and marine vegetables, but also such a slow and 
comparatively weak action as that of boring shells and echinoderms 
in eroding the walls of the sea, and the cumulative action of corals 
and other stationary organisms. ‘‘In the sea,” he says, ‘‘ vegetation 
carries on a slow degradation of the sides. It must especially deeply 
corrode calcareous rocks, as has been shown to be the case in the 
Swiss lakes. In course of time, lacustrine or marine plants produce, 
in short, destructive effects analogous to those of terrestrial plants.” 

TII.—These effects are, however, tolerably well understood, and it is 
with regard to the inorganic agents that our author holds less gener- 
ally received opinions. As far, indeed, as the ordinary sources of denu- 


1 M. Delesse does not seem to have used polarized light in ascertaining the flinty 
or quartzose origin of grains of sand. (See Nature, 9th May, 1872.) 
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dation are concerned—wind, rain, rivers, glaciers, and breakers, etc. 
—the ordinary views are clearly defined by him, and much valuable 
tabulated detail is given respecting the velocity, sediment, etc., of 
the principal rivers of France, in a manner which makes one wish 
that something of the kind were done for Great Britain. 

M. Delesse’s Chapter viii. however is a distinct contribution to 
submarine geology, and deserves to be given in his own words. It 
treats of the internal agents, and forms a clear exposé of the views 
now held by the leading French geologists on an important branch 
of Dynamical Geology :— 

“These,” he says, “can produce equally effects either of erosion 
or of transport; more often even they bring into the sea and into 
sea-deposits mineral substances coming from the interior of the globe. 
These agents are subterranean waters, eruptions, and dislocations.' 

“T.—_ Subterranean Waters. 

The waters which penetrate into the earth obey the laws of 
gravity, descend slowly through the pores or interstices of the rocks, 
and end by re-uniting into subterranean sheets. Hidden from our 
eyes, they flow into the beds of rivers and into sea-basins; sometimes 
they fall into them at their upper portions, sometimes low down. 

The infiltrations of subterranean sheets of water into the basin of 
the ocean take place incessantly, and on an immense scale; they even 
represent a very considerable proportion of the meteoric waters 
which fall on the emerged portion of our globe. Moreover, they 
take place, not only towards the upper level of the ocean, but also 
along its sides and down to the lowest depths. 

Now, the subterranean sheets of water are charged with mineral 
substances, which are furnished by the rocks through which they 
pass, and these they bring to the ocean. In particular do they bring 
silica and carbonate of lime, which the sponges and molluscs after- 
wards concentrate in deposits. 

Sometimes they are sufficiently charged with carbonate of lime to 
produce calcareous tuffs, like those which are now being formed at 
the bottom of rivers and on the sea-coasts. 

The mineral substances become, besides, more abundant in the 
underground sheets of water according as the latter contain more 
carbonic acid, as they have a higher temperature, and consequently 
as they reach a greater depth. The underground sheets of water 
therefore introduce mineral substances into the ocean, and they must 
play a rather important part in the formation of marine deposits. 

Independently of these submarine infiltrations, produced by waters 
falling on the surface of the globe, and penetrating its crust, there 
are others in existence which are due to mineral waters of an erup- 
tive nature, and disengaging themselves on the contrary from its 
interior. 

These last are local; for they can only come to the day through 
the fissures of the earth’s crust; but their temperature is high, so 
that they hold a large proportion of substances in solution. They 


1 The subject has since been enlarged on by M. Daubrée in a paper noticed in the 
GxoLtocicaL Magazine, 1873, Vol. X. p. 472. 
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are very numerous in volcanic regions; besides, their outpour be- 
comes very abundant when eruptions or earthquakes take place. 

The formation of mountain-chains has also given rise to extra- 
ordinary activity in mineral springs; moreover, when rocks have 
been raised from the bottom of the sea and brought back above its 
surface, the waters which saturated them must have flowed under- 
ground, giving rise to powerful infiltrations. 

However it may be, the substances incessantly introduced into the 
sea by mineral waters have subsequently been separated by organized 
beings, and also by chemical precipitation. Beds of carbonate of 
magnesia or dolomite have been doubtless formed in the latter way, 
both at the present time and in former epochs. Such is also the 
most probable origin of gypsum, which may be attributed to the 
freeing of sulphuretted hydrogen, or else of sulphated mineral waters ; 
in most cases, besides, gypsum appears to have been deposited in 
lakes.. 

“T].— Eruptions. 

Eruptions, those in particular which occur at the bottom of the 
sea, contribute in a very efficient manner to the formation of 
marine deposits, and even give rise to strata; for they accumulate a 
great quantity of débris, which are afterwards re-assorted by waves 
and tides, and then carried off by currents. 

The geological study of rocks shows well all the importance of 
these eruptions, and often even marine beds are almost entirely 
composed of débris of rocks which have been thrown up from the 
interior of the earth. This is particularly observable in trappean, 
basaltic, and trachytic tuffs, and for all tuffs, in short, which are 
formed from volcanic rocks. 

At the present day submarine eruptions are rather rare, and, 
besides, they only take place at a small number of points; they 
must, however, be taken into account in studying the lithology of 
our sea-bottoms. They give, indeed, deposits resulting from volcanic 
ejectamenta, and therefore entirely distinct from those which are 
habitually formed. These deposits group themselves in the neigh- 
bourhood of the voleanos which produce them; when, however, the 
volcanic ejectamenta are in the state of floating pumice, of minute 
débris, of ash or of mud, they may easily be transported by currents, 
and then be spread to very great distances. 

As ‘regards France, we know no submarine volcanos near our 
coasts, either in the ocean or the Mediterranean; but in the latter 
sea, the islands of Julia and Santorin enable one to judge of the 
importance of the effects occasioned by recent submarine eruptions. 

Now there are also salses or mud-volcanos which specially eject 
gases, water, and mud, and which in consequence give rise to beds 
of clay. Such volcanos are found either at the surface of the land 
or at the sea-bottom. In the Caspian, more particularly, their 
ejectamenta have sometimes formed shoals, and even islands of mud, 
rising to the surface of the water. 

The mud which is being deposited at the present time in our lakes 
and at the bottom of our seas nearly always contains carbonate of 
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lime which is specially secreted by the molluscs peopling their 
waters. On the other hand, the mud ejected by salses is not mixed 
with débris of molluscs, and the carbonic acid by which it is ac- 
companied can, besides, easily dissolve the carbonate of lime con- 
tained by it. It will easily be perceived, then, that when a bed of 
pure clay is met with intercalated between fossiliferous beds, there 
is some probability that it has been ejected from the interior of the 
earth, either by mud volcanos, or by any other eruptive phenomenon. 
It is noteworthy, moreover, that clay-beds being impervious to 
subterranean waters, they could not completely lose their car- 
bonate of lime by solution ; therefore, when they do not contain any 
now, it is pretty certain that they had none originally. 

Let us observe, besides, that the muddy ejectamenta must, like all 
eruptive phenomena, have been more frequent during the geological 
periods preceding the present one. 

“TIT. Dislocations. 

The terrestrial crust is still subject to accidental dislocations, 
occasioned by earthquakes, by eruptive phenomena, and, at rare 
intervals, by the rising and sinking which accompany the upheaval 
of mountain systems. 

The basin which contains the ocean is liable, then, to destruction 
analogous to that to be observed on land. This destruction is pro- 
duced at once by the forces acting in the interior of the earth, and 
by the sea itself, which is suddenly put into motion. This being so, 
the débris derived from. the bed of the ocean, and those which are 
redistributed by the agitation of the waters, must concur to form 
marine deposits. 

If one considers earthquakes, for instance, they are felt very 
sensibly by ships, and the sea can transmit them enormous distances. 

When the earth’s crust is alternately rising and sinking, its oscil- 
lations engender forced waves, or waves of translation, which have 
a great power, and which can-attain an exceptional height. At the 
time of the earthquake at Concepcion, in Chile, it was specially 
noted that the wave thus put in motion was propagated as far as the 
Hawaii Islands, a distance of more than 683 miles. 

In France earthquakes are tolerably frequent; they are felt espe- 
cially in the Gulf of Gascony and in the Mediterranean: but they 
have not much influence on the formation of the marine deposits of 
our coasts. 

If we go back to previous eras, when the mountain-chains 
suddenly rose from the bottom of the sea, they certainly accumu- 
lated an immense quantity of débris; they also threw back . 
towards the surface subterranean waters charged with mud, which, 
spreading over the submerged as well as the emerged land, deposited 
thick beds of clay; at the same time they gave birth to waves of 
such power and height as it is difficult to realize. 

Without leaving French territory, the dislocations which gave to 
the Pyrenees and to the Alps their principal relief suddenly brought 
into play tremendous masses of water, by the side of which our 
highest waves are, so to speak, of no account. They formed thick 
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deposits, which on the coasts were chiefly composed of sands or of 
conglomerates; they produced effects of erosion and of transport 
which worked over a vast extent of ground and with exceptional 
energy, so that there resulted from them a veritable cataclysm.” 

The word just written “‘cataclysm,” and the frequent recurrence 
in the last few paragraphs of the adverb “‘suddenly,” in reference 
to such phenomena as the upheaval of mountain-chains, will doubt- 
less jar upon the ears of most British geologists; but it must be 
remembered that cataclysmal geology still, with certain modifications 
of course, holds its own across the Channel. It is, however, a 
welcome recognition of the great effects of subaérial denudation by 
M. Delesse, that he lays it down as an axiom (p. 189, vol. i.) that 
the bottom of the sea is always, and necessarily, less furrowed and 
sculptured than the surface of the land. 

Leaving for the present the other subjects treated of at length by 
M. Delesse, I think I cannot do better than give briefly the results 
of his investigations of the sea-bottom off our own coasts. The 
maps accompanying his work will show the details which space will 
not permit me to refer to here. 

With regard to the orography of the “Océan Britannique,” as M. 
Delesse calls our seas (excepting the Channel and the North Sea), he 
shows how Britain and Ireland stand on a sort of terrace, the boundary 
of which on the Atlantic side coincides sufficiently exactly with the 
600 feet contour line (below sea-level, of course), in such a manner that 
were the British Islands elevated 600 feet, they would be joined to 
France and to Denmark, but the Faroé Islands, Iceland, and Rockall 
would still be islands. As is natural in the neighbourhood of a 
mountainous centre, the surface of this terrace is very irregular 
around Scotland; especially there are to be noted two valleys ex- 
tending under the sea to the West of Scotland, separating it on the 
one hand from the Hebrides, and on the other from Ireland. 

The littoral deposits of the south of England are naturally very 
similar to those of the north of France, and are equally referable to 
the geological formations along the coast-line. Among the sub- 
marine deposits sand stands pre-eminent. Next in point of frequency 
comes gravel, which is found in oddly-shaped masses at various 
points, especially to the west of the British Isles, south of Cork in 
the Bristol Channel, between Land’s End and the Sorlingues Islands, 
and also in the Channel. In the eastern part of the Channel gravel 
occupies a large surface, and seems to unite the Greensand of Upper 
Normandy to that of England. In the Bristol Channel and to the 
south of Ireland M. Meese suggests that the origin of the gravel is 
probably a submarine outcrop “of Old Red Sandstone ; ; south of 
Exmouth and of Star Point it may be referred to the prolongation 
under the sea of the arenaceous Triassic beds. 

The distribution of mud is next investigated. The patches of 
mud-bottom in the Channel are due doubtless to the Palaozoic 
schists, the Triassic clays, the Liassic marls, and the Eocene clays. 
They can be traced from Dover to the Lizard. 

Off the west coast of Ireland a few patches only are to be found, 
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they are near Co. Donegal, in Galway and Dingle Bays; south and 
east of Ireland, however, large surfaces with irregular outlines are 
formed of mud. Mud-bottoms also are found in plenty around 
Scotland. In these cases, submarine decomposition of unknown 
outcrops is pointed to as their origin. 

The points of the sea-bottom which are bare, or rather where the 
soundings could discover nothing but rock, are marked by the black 
areas on the maps, and a study of these with reference to deep-water 
currents would doubtless throw much light on their origin. ‘The 
nature of the rock itself is in these cases naturally often doubtful. 

The discussion of the last portion of M. Delesse’s book, con- 
sisting chiefly of an attempt, generally successful, to reconstruct the 
physical geography of France at various epochs in its geological 
history, must be for the present deferred. 


II.—Scrunce Primers. Edited by Professors Huxtey, Roscos, and 
Batrour Stewart. Part V. Geotocy. By Prof. Gurxix, LL.D., 
F.R.S. 12mo., pp. 180. (London: Macmillan & Co., 1874.) 


ae little primer is one of a numerous series, and is an ex- 
cellent introduction for very young children to the vast subject 
of Geological Science. 

The object of this series is to give its juvenile readers an insight 
into the main facts of the different branches of science, in as simple 
a way as possible, illustrating them with common and familiar 
examples of every-day occurrence. 

This plan is well carried out by Prof. Geikie in the Part before us. 

The author first treats of the three different kind of rocks— 
sedimentary, organic, and igneous—how and by what agencies each 
was formed, and why fossils occur in the first two. He next takes 
the crust of the earth, shows that it has been raised, depressed, and 
contorted; how mountains have been formed, and “how the rocks 
of the crust tell the history of the earth.” 

_ Having thus brought his young readers to the threshold of 
Geological Science, Prof. Geikie bids them adieu, leaving them, if so 
disposed, to enter and discover the endless store within. 

The style is throughout easy, and the language simple. Every 
fact is so clearly expressed and lucidly explained as to be entirely 
within the comprehension of any child of ordinary capacity. There 
are, besides, numerous well-executed woodcuts, in illustration of all 
the principal points in the work. 

If we may judge of the series from the Part before us, we should 
say that it is well qualified to supply the want, beginning to be felt, 
now that Natural Science is becoming day by day more popular, and 
more widely taught, of some good though juvenile works on its 
different branches. Should the School Board ever introduce the 
teaching of Natural Science into their system of education, we 
would most heartily recommend these little books to their con- 
sideration. 

We should not omit to add that collections containing twenty-two 
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geological specimens, neatly arranged in a polished deal box, prepared 
expressly to illustrate the Geological Primer (price 10s. 6d.) are sup- 
plied by Mr. James R. Gregory, 15, Russell Street, Covent Garden, 
London, or may be had of Messrs. Macmillan, the publishers. 


RHPORTS AND PROCHEDINGS.- 


—_—@—— 


GrotogicaL Soctrty or Lonpon.—I.—December 3, 1873.—Joseph 
Prestwich, Hsq., F.R.S., Vice-President, in the Chair. The following 
communications were read :— 

1. ‘‘Notes on the Structure sometimes developed in Chalk.” By 
H. George Fordham, Hsq., F.G.S. 

After referring to Mr. Mortimer’s paper on the same subject (see 
Quart. Journ. Geol. Soc. vol. xxix. p. 417), the author stated that in 
a pit near Ashwell the “ Lower Chalk without flints ” exhibits a bed 
of a concretionary nature, the concretions in which are marked 
nearly all over with lines. The lines are found only on the con- 
cretions and in their immediate neighbourhood. The fossils in the 
bed are invariably crushed, as if by pressure. The author believes 
that the strive are due to an incipient crystallization arising from the 
formation of the concretions ; and in support of this view he adduced 
a specimen of iron pyrites from the chalk of Beachy Head, attached 
to which is a small portion of very hard striated chalk, and suggested 
that the crystallization of the pyrites had induced a crystallization 
in the chalk. He considers, however, that in some places an almost 
identical structure may be due to slickensides, but only in very 
broken and faulted beds. 


Discussion. —Mr. Seeley observed that the structure was familiar to all. If it 
were due to crystallization, whether incipient or otherwise, he wished to know to 
what combination with lime for a base the form of the crystals was due. He 
thought that a certain amount of phosphate of lime was present in the concretions, 
but was absent in similar specimens in the Upper Chalk, so that it appeared as if 
the same cause could not apply in both. The strize were not, he thought, due to 
slipping or to organic growth, but might arise from some alteration in the character 
of the chalk. 

Mr. Evans observed that the strize appeared to be due to two causes—crystalli- 
zation, whether incipient or destroyed, and slickensides. He thought that in the. 
Ashwell specimens much was owing to the hard nodules resisting pressure better 
than the surrounding chalk, which, in being condensed, passed over their surfaces 
and produced a kind of slickensides. The same appeared to have been the case 
with the nodule of pyrites. 

Mr. Forbes remarked that an inspection of the specimens on the table convinced 
him that in several instances the structure was due to slickensides, but that in 
others traces of a very different structure were visible, which he imagined was due 
to crystallization, the carbonate of lime having most probably assumed the form of 
Aragonite, which, owing to its instability, had lost its crystalline lustre, and 
assumed a mealy or chalky appearance. 

Mr. Judd thought that the contrast between the two papers communicated to the 
Society was striking. This was mainly due to the difference in the Chalk of 
Yorkshire and that of the south of England. The abundance of this structure in 
Yorkshire might well have caused Mr. Mortimer to connect it with some organic 
origin for the formation of the Chalk. Its rarity in the south might have led Mr. 
Fordham to assign another and a chemical cause. He thought that it prevailed 
most in those parts of the Chalk through which water most readily passed, and 
considered that in some cases the crystallization had been that of Aragonite, in 
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others that of Calespar. He commented on the dimorphism of carbonate of lime, 
which under slightly different conditions assumed different characters ; and re- 
marked that, as was the case with many igneous rocks, the structure in the Chalk 
became more apparent after weathering. s 

Mr. Meyer remarked that the strise were most common where nodules were 
present, and in beds in which the fossils were crushed. So far as he had. observed, 
they were. always vertical, and he attributed them to a re-arrangement of the 
particles of Chalk under pressure. 

The Author explained that two of the specimens had been taken from the sides 
of a fissure, and were actually slickensides. He thought that some of the nodules 
exhibit traces of internal structure ; but it was true that the general direction of the 
strize was at right angles to the lines of bedding. He was glad that his remarks 
had led to so interesting a discussion. P 

The Chairman suggested that an analysis should be made of the specimens. 


2. “A short description of the Geology of the Hastern Province 
of the Colony of the Cape of Good Hope.” By R. Pinchin, Esq., 
C:E. Communicated by H. W. Bristow, F.R:S., F.G.S. 

In this paper, which was illustrated by maps and sections, the 
author gave the results of his observations on the geology of the 
above region. The two principal sections described were from Cape 
Saint Francis across the Great Winterhoek and Langeberg ranges to 
the lacustrine Triassic rocks near Jansenville, and from Port Hliza- 
beth to Somerset. The lowest rock in the first section is the quartzite 
of the Great Winterhoek, which is immediately overlain to the 
northward by clay-shales and sandstones containing Devonian fossils. 
Beds with similar fossils occur at the Kromme river, Cape St. 
Francis, and near Uitenhage. A patch of horizontal secondary 
strata stretches west from the Gamtoos river, overlying the Hnon~ 
conglomerate in the same way as the Jurassic strata of Uitenhage. 
They contain no fossils. The Enon conglomerate is seen on the 
flanks of the higher hills. The northern ranges, Langeberg, Klein 
Winterhoek, and Zuurbergen, are regarded by the author as formed 
of rocks belonging to the Carboniferous series, although closely 
resembling those of the Great Winterhoek in lithological character, 
except that among them are bands of the peculiar rock described by 
Bain as “Claystone porphyry,” by Wyley as a “‘ Trap conglomerate,” 
by Tate as a “Trap-breccia,” and by Atherstone as an ‘intrusive 
Trap.” Rubidge regarded it as a metamorphic rock; and this view 
is adopted by the author, who describes it as underlying and over- 
lying the clay-shales, which always separate it from the quartzite, 
and as passing imperceptibly into the clay-shales. The mottled 
sandstone or Heca rock is referred by the author to the Carboni- 
ferous series. The author also noticed the occurrence of Tertiary 
or recent rocks containing remains of Mollusca identical with 
species now living in the adjacent seas, lying unconformably upon 
the Devonian and conformably upon the Secondary rocks at various 
places near the coast. 

Discusston.—Prof. Phillips was struck by the manner in which our system and 
nomenclature was applicable to a country so remote as the Cape. He was inclined 
to question the metamorphism of the nodules and concretions in the clay-shales 
into granite, and commented on the supposed interstratification of the metamorphic 
rocks among unaltered shales. The correlation of the rocks at the Cape with the 


Devonian and Carboniferous rocks of Europe he thought most interesting, especi- 
ally taking into account the distance between the two localities. 
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Prof. Tennant made some remarks on the gratitude due to the first geological 
observers in South Africa, who had, by the discayery of the Diamond-fields, so 
materially added to the wealth of the colony. During the last month he had seen 
no less than £100,000 ‘worth of diamonds brought over by three persons. At 
present some twenty thousand persons were employed in the fields, and the 
diamonds were equal to any in the world. The trap-rocks in South Africa were 
as various in their character as those in this country, and this variety might well 
lead to speculation as to their origin. . 

3. “On the Mud-craters and Geological Strueture of the Mekran 
Coast.” By Lieut. A. W. Stiffe, F.R.A.S. Communicated by Prof. 
Ramsay, F'.R.S., V.P.G.S. 

The coast of Mekran, extending from near the western frontier of 
India to the mouth of the Persian Gulf, was stated by the author to 
be a nearly rainless district, consisting of clay plains with pre- 
cipitous tabular hills, the former veined here and there with erystal- 
line gypsum, the latter composed of clay capped and sometimes 
interstratified with coarse, friable, fossiliferous, calcareous strata, 
from 5 to 80 feet thick, supposed to be of Miocene age, and all 
horizontal or nearly so, except at the extreme east and west, where 
the strata are inclined at an angle of from 40° to 60°. Along the 
coast there are no distinct traces of volcanic action, but on the 
north coast of the Persian Gulf a similar formation has been much 
disturbed by the protrusion of recent volcanic material ; near Jashak 
to the west there is a hot mineral spring, and near Karachi there 
are springs of pure hot water. The author described the mode in 
which denudation is effected in this region by occasional heavy 
rains, and by the constant action of the sea upon the coast, and then 
noticed the occurrence, within a few miles of the shore, of numerous 
peculiar mud-craters, forming hills varying in height from 20 to 
300 or 400 feet above the plain, of a regular conical form, with 
truncated tops, and the sides sloping at an angle of about 40°. The 
summits of these hills present a circular cup with a narrow border, 
filled with semifluid mud, which occasionally flows slowly over the 
margin of the crater. The author considered that the conical hills 
have been formed solely by these overflows. He believed that a 
small shoal occurring off the coast near Jashak might be produced 
by one of these craters, and was inclined to ascribe their existence 
to hydrostatic pressure rather than to volcanic action, especially as, 
by the concurrent testimony of several natives, the discharge from 
the craters is greater during spring tides. The thickness of the 
clay forming the plain is probably very considerable; it extends for 
some miles from the shore, sinking gradually to 20 or 30 fathoms, 
when there is a sudden and often precipitous descent to a depth 
of 300 or 400 fathoms. The author suggested that, since the de- 
position of the Miocene beds, the great submarine cliff may have 
been raised above the sea; that the land was then depressed to near 
its present level, causing the removal of the beds to the present 
coast line, and that a further depression followed by upheaval gave 
origin to the inland cliffs. Evidence of the last depression is fur- 
nished by the presence of borings of lithodomous mollusca in the 
cliffs considerably above the present sea-level. 
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DiscussIon.—Mr. Evans. thought that the fact of the mud from some of the 
cones having ceased to flow was in favour of the theory of their being due to 
hydrostatic action, the outflow ceasing when the pressure was insufficient to over- 
come the resistance, and a fresh vent being found elsewhere. 

Mr. Forbes had frequently observed the mud-craters of Peru, which were un- 
doubtedly due to volcanic action, though in many instances the outflow was cold, 
or nearly so. In the cases described by the author it was, however, possible that 
they might be due to another cause. 

Prof. Phillips mentioned a spring which rose through mud in Bridlington 
Harbour, and from which the outflow was greatest at low water ;. but the spring 
tides in the Persian Gulf might, on the contrary, effect a rise in the mud-craters by 
obstructing some passage by which mud was discharged into the sea. Were this 
so, the upward movement in the crater would on each occasion probably occur 
somewhat later than the high tides. 

Mr. Seeley remarked on the presence of undoubted volcanic action in the district, 
in the shape of hot springs, &c., and therefore questioned the propriety of bringing 
in hydrostatic pressure to account for the phenomena. 

Mr. Miller cited the mud-volcanos of Iceland as instances of pure volcanic 
action, and drew a distinction between the occurrence of mud-craters near the 
sea and at a distance from it. 

The Author, in reply, observed that he had merely suggested the possibility of 
the outflow being due to hydrostatic pressure, and did not insist upon it. He 
stated that there was ample evidence of volcanic action at a distance of 200 or 300 
miles from the district he had described. 


II.— December 17th, 1873.—Prof. Ramsay, F.R.S., Vice-President, 
in the Chair. The following communications were read :— 


1. “Observations on some Features in the Physical Geology of 
the Outer Himalayan Region of the Upper Punjab, India.’ By 
A. B. Wynne, Esq., F.G.S. 

The district of the Upper Punjab described by the author con- 
sists of crystalline, granitoid, syenitic, and schistose rocks far in 
among the hills, succeeded by slates and limestones, possibly of 
Silurian age, unconformably overlain by Triassic and perhaps older 
rocks, which are in their turn unconformably succeeded by a series 
of mutually conformable Jurassic, Cretaceous, and Nummulitic Lime- 
stones and shaly beds. These Secondary and Tertiary beds, which are 
chiefly limestones, are called the ‘‘ Hill Limestones.” Beyond these 
comes a zone of hills and broken plains, composed of sandstones, clays, 
and conglomerates, of great thickness and of Tertiary age (Hocene 
and Miocene), which the author calls the “ Murree beds.” This belt 
passes generally along the whole southern foot of the Himalayas, 
from Assam to Afghanistan. In the district described by the 
author it is bounded on the south by the Salt Range, beyond which 
stretch the deserts of the Punjab and Sind. 

The outer Tertiary belt presents a gradation towards the hill 
character. Among the rocks of the Murree zone there are harder 
beds than elsewhere; limestones occasionally appear, sometimes 
like those of the hill-beds, and the Hill Nummulitic Limestones may 
have alternated in their upper part with the Murree beds. The 
Nummulitic Limestones of the Salt Range, containing large Bivalves 
and Gasteropoda, were probably of shallow-water origin, whilst the 
diminutive organisms of the Hill Nummulitic Limestone inhabited 
greater depths. 
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Contortion of the strata is a common feature of the country, 
affecting some of the newest Tertiary beds so as to place them in 
a vertical position, and almost everywhere throwing the rocks into 
folds, producing in many cases inversions of the strata. 

The author compares these rocks with those of the Simla area 
described by Mr. Medlicott, who found there two strong uncon- 
formities, namely, between his Siwalik and Nalum, and Nalum and 
Subathu groups, and regarded the whole of the beds of the outer 
Tertiary detrital zone from the base of the Subathu group upwards 
as discordant to the Himalayan or Hill-series and to each other. 

The junction of the newer Tertiaries with the rocks forming the 
higher hills of the outer Himalaya, both in the Simla area and in the 
outer Punjib, is marked by disturbance, distortion, and inversion or 
abnormal superposition in the Tertiary strata along the contact. 
In the Upper Punjib the junction follows a curved line, running 
nearly east, and west to the north of Rawul Pindee, then de- 
scribing an angle which closely follows the great bend of the Jhilam 
river near Mozufferabad, it runs more or ‘less in a south- easterly 
direction through Kashmere towards Simla. This junction line is 
inseparably connected with the causation of the great mountain- 
chains: it shows a parallelism to the axes of the outer ranges, and 
is chiefly due to intensity of disturbance, the result of lateral 
pressure. 

The author also refers to the difference existing between the 
geology of the outer Himalayan region and that-of the Salt Range, 
as being similar to that which obtains between the Alpine and 
extra-Alpine characters of Huropean rock-groups, and suggests that 
the recurrence of such similar features at such distances may indi- 
cate a connexion between the former conditions of deposition and 
the early history of the great chains themselves. 

Discusston.—Mr. Drew gave some further explanation of the author’s views 
and -of the geology of the district. 

‘The Chairman agreed with the author as to the analogy between the outer 
ridges of the Himalayas and those of the Alps, and also as to the difficulty in such 
cases of distinguishing between an inversion and a fault. From the different con- 
ditions as to metamorphism of the Miocene and Eocene rocks in the Alps, he had 
been led to question the fact of the inversion, and now found that most Swiss 
geologists had come round to the opinion that the present position of the beds was 
not due to mere inversion, but to actual dislocation. He thought this might also 
Breve to be the case in the Himalayas. 

2. “On the Mode of Occurrence of Diamonds in South Africa.” 
By E. J. Dunn, Esq. Communicated by Prof. Ramsay, F.R.8., 
V.P.G:S8.! 

In this paper the author stated that the diamonds of South Africa 
oceur in peculiar circular areas, which he regards as ‘“‘ pipes,” which 
formerly constituted the connexion between molten matter below 
and surface voleanos. The surrounding country consists of horizontal 
shales, through which these pipes ascend nearly vertically, bending 
upwards the edges of the shales at the contact. The rock occupying 
these pipes was regarded by the author as probably Gabbro, al- 
though in a very altered condition. Intercalated between the shale- 
beds there are sheets of dolerite, ete., and dykes of the same rocks 
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also intersect the shales at frequent intervals. Within the pipes 
there are unaltered nodules of the same dolerite. With regard to 
the relation of the diamonds to the rock of the pipes in which they 
are found, the author stated that he thought it probable that the 
latter was only the agent in bringing them to the surface, a large 
proportion of the diamonds found consisting of fragments. At 
the same time he remarked that each pipe furnished diamonds of a 
different character from those found in other pipes. 

Discussion.—Mr. Maskelyne complimented the author on the contribution 
which he had made to geological science, by showing that the rock in which the 
diamonds occur is confined to the pipes such as he had described. He was able, 
from specimens which he had examined, to state positively that this certainly 
igneous rock differed essentially from the dolerites and other igneous rocks in the 
neighbourhood. He would not attempt to give it a name, whether Gabbro, 
Euphotide, or any other designation. The materials, so far as they could be 
determined in their present altered condition, were such as would not build up any 
one of the known rocks. There were garnets and minerals resembling clinochlore, 
smaragdite, phlogopite, diallage, and calcite, and apparently another mineral 
entirely serpentinized. The diallage was the true diallage, viz. a mineral of 
augitic type. The mineral resembling clinochlore was, he had proved, vermiculite, 
and the phlogopite was not improbably Jeffreysite. The calcite had been thought 
to have been derived from the decomposition of augitic silicates, but this he 
doubted. One specimen, from a depth of 130 feet, exhibited a completely serpen- 
tinous metamorphosis, which had involved one mineral as yet undetermined, but 
probably enstatite. The absence of felspars in all the rocks but one was singular ; 
in one specimen from Bultfontein there was, however, an abundance of kaolinite, 
proving the original presence of a felspar. He thought that the fracture of. the 
diamonds might be due to the breaking up of the rocks in which they are now 
found. A fact pointed out by the late Prof. Rose, viz. that the octahedral faces of 
diamonds became yvrooved after burning by triangular striations, was of great im- 
portance in considering the changes these rock-fragments had undergone, as many 
of the diamonds from the upper beds had their surface striated in this manner. It 
would be a question of interest to observe whether those from the lower depths 
were similarly marked and equally shattered. 

Mr. Forbes observed that, owing to his not having had the opportunity of 
examining the rocks in question, he could not speak as to their nature; but as he © 
looked upon the rock Gabbro as being in the main composed of triclinic felspar 
with diallage, he could not regard any of the rock-specimens shown as entitled to 
this name, especially as they, as a rule, were even devoid of felspar. The black 
rock, found deepest, appeared to him to resemble one of the altered basalts in 
which Zirkel had shown that the olivine was changed into a peculiar greenish 
serpentine-like mineral. 

Mr. Dunn, in reply, stated that he had merely made use of the term Gabbro as 
a provisional name. There could, he thought, be no doubt of the volcanic origin 
of the rock ; and moreover, near Bultfontein and elsewhere, there were sheets and 
dykes of dolerite, but quite different from the rocks in the pipes. Some of the 
fragments in the matrix were fragments of shale, mica-schist, and hornblende, 
which had probably been brought up into the pipes from below. 

The Chairman remarked on the wide application of the term Gabbro, which 
could hardly be said to imply any distinct mineralogical character. Looking at 
the question broadly, the facts seemed to be, that among nearly horizontal shales 
there were patches of rock of approximately circular form, with the shale turned 
up around their edges, and altered for a certain distance. The appearances were 
therefore those of the extrusion of a heated or molten body by expansion from 
below ; and possibly, as the author suggested, other traces of eruption had been 
removed hy subsequent denudation. He could not regard the rocks in the pipes 
as in any way metamorphic, in the usual acceptation of the term. Though the 
volcanic origin of those rocks might be accepted, he thought it more probable that 
the diamonds were brought up from some subterranean metamorphosed rock, than 
generated in the lava. - 
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IlI.—January 7th, 1874. Prof. Ramsay, V.P.R.S., Vice-President, 
in the Chair. The following communications were read :— 

1. “The Origin of some of the Lake-basins of Cumberland.” First 
Paper. By J. Clifton Ward, Esq., F.G.S., Assoc. R.S.M. 

After referring to the fact that the question of the origin of lake- 
basins cannot be satisfactorily discussed unless the depth of the 
lakes and the heights of the mountains are brought before the 
mind’s eye in their natural proportions, the author sketched out the 
physical geography of the lakes under discussion (Derwentwater, 
Bassenthwaite, Buttermere, Crummock, and lLoweswater), and 
pointed out what must have been their original size and shape 
before they were filled up to the extent they now are. These lakes 
were not moraine-dammed, but true rock-basins. The belief that 
the present Lake-district scenery was the result of the sculpturing 
of atmospheric powers, such as we see now in operation, varied by 
climatal changes and changes in the height of the district above the 
sea, was enforced, and the opinion given that the work of elabora- 
tion of the lake-country scenery has been going on ever since Car- 
boniferous or pre-Carboniferous times. The lake-hollows repre- 
sented almost the last rock-shavings removed by Nature’s tools. 
What were the special tools producing these hollows? There being 
no evidence of their production by marine action or by running 
water, since they do not lie in synclinal troughs, nor along lines of 
fissuring and faulting, and cannot be supposed to be special areas of 
depression, it remained to see how far Professor Ramsay’s theory 
accounted for their origin. The course of the old Borrowdale 
glacier was then fully traced out, and the power the numerous 
tributary glaciers had of helping to urge on the ice over the long 
extent of flat ground from Seathwaite to the lower end of Bassen- 
thwaite Lake, commented on. The same was done with regard to 
the Buttermere and Ireton glacier, and the depths of the lakes, 
width and form of the valleys, and thickness of the ice shown by 
numerous transverse and longitudinal sections drawn to scale. 
When all the evidence was considered—the fact of the lake-hollows 
under examination being but long shallow troughs, the thickness 
of the ice which moved along the valleys in which the lakes now 
lie, the agreement of the deepest parts of the lakes with the points 
at which, from the confluence of several ice-streams and the nar- 
rowing of the valley, the onward pressure of the ice must have been 
greatest,—the conclusion was arrived at that Prof. Ramsay’s theory 
was fully supported by these cases, and that the immediate cause of 
the present lake-basins was the onward movement of the old 
glaciers, ploughing up their beds to this slight depth. It was 
pointed out that since the general form of the Buttermere and 
Crummock valley was that of a round-bottomed basin, as seen in 
transverse section, the effect of the ice was merely a slight deepen- 
ing of the basin or the formation of a smaller basin of similar 
form at the bottom of the larger; whereas in the case of the Der- 
wentwater and Bassenthwaite valley, which in transverse section 
was a wide flat-bottomed pan, the action was to form long shallow 
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grooves at the bottom of the pan. This consideration was thought 
to explain the fact of the greater depth of Buttermere and Crum- 
mock than of Derwentwater and Bassenthwaite, although the size and 
thickness of the old glacier in the former case was probably less 
than in the latter. In conclusion, the author stated that he hoped 
to test the results obtained in these cases by bringing forward in a 
future paper like details of Wastwater and other lakes and moun- 
tains in the district. 


Discusston.—Mr. Campbell said that he had listened with great pleasure to 
the able paper of the author. He was not himself acquainted with the Lake- 
district, but he knew many similar districts in which similar phenomena existed. 
He agreed with the author’s conclusion, that these lake-basins were the result of 
glacial erosion. But if ice could do so much it might have done more. In confir- 
mation of the author’s views, Mr. Campbell said that in the Caucasus there are 
very few lakes. He had found no glacial phenomena in the whole range, except 
one small moraine near the only lake in Daghistan. 

Mr. Evans inquired what effect the varying hardness of the strata, their trend 
and dip, might have had on the formation of the basins, and how the presence of 
islands was to be explained. He mentioned that at the present day the rainfall at 
Seathwaite was in some years nearly 200 inches, which, if there were sufficient 
cold, would suffice even now for an enormous supply of ice. 

Mr. Seeley inquired whether the position of the lake-basins in the supposed 
glacier had any definite relation to the positions of smaller affluent glaciers, and 
whether the lake-basins were to be attributed to that relation. 

Mr. Godwin-Austen remarked on the acceptance which the Chairman’s views 
had received, and the support which they were receiving. There was little doubt 
of the former existence of ice over a large portion of this part of Europe, but 
whether it would have existed in such thickness as was required by some geologists 
was another question. He doubted as to the power of glaciers to drive ice 
forward to any great extent over land either up a slope or over a horizontal space. 
He considered that the paper would add a great: interest to the country to which 
it related. 

Capt. Douglas Galton disputed the power of ice to act in a manner materially 
different from that of water. Owing to the friction of the ice at the bottom of a 
glacier, he thought its flow would be so much retarded that its excavating power 
would be almost annihilated. 

The Author, in reply, stated that the basins in all the cases he had cited were 
excavated in the Skiddaw slate, the hardness’ of which was nearly uniform. The 
dip of the strata was very variable, but he could not point to any spot where the 
depth of the lake was connected with the dip. The islands in Derwentwater 
might be the result of an old moraine left by the glaciers in retreating up the 
valley. The position of the lakes was in the direct line of the principal glaciers. 
The thickness of the ice was proved by the existence of scratches along the sides 
of the valleys, such as could not have been produced in any other way. The 
probability was that the ice had been even thicker than shown by these marks, 
Though the laws of motion of ice were the same as those of water, yet the action 
of a hard body was of necessity different from that of a liquid. 

The Chairman was so accustomed to meet with papers such as this, confirming 
his original views, that he was almost becoming weary of the subject. He con- 
sidered, however, that the sections given by the author on a true scale were of 
very great value, as calculated to give a correct idea of the actual phenomena, and 
as showing the value of De la Beche’s maxims with regard to such diagrams. He 
inquired whether there could be any difficulty in a body of ice some thousands of 
feet in thickness cutting out such inconsiderable hollows as those shown, just in 
the same manner as running water would excavate its channel more deeply at one 
spot than another, if from local circumstances the rapidity of its motion were 
increased, ° 


2. “On the Traces of a Great Ice-sheet in the Southern part of the 
Lake-district and in North Wales.” By D. Mackintosh, Esq., F.G.S. 
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In this paper the author brought forward the evidence which 
seems to him to establish the existence in the southern part of the 
Lake-district of a “valley-ignoring and ridge-concealing ice-sheet.” 
With regard to ice-marks, he distinguished between primary striz 
and those produced at a subsequent period, and stated that in the 
Lake-district the direction of the primary striz generally coincides 
with that of the action by which roches moutonnées have been pro- 
duced. He gave a table of the direction of ice-marks observed by 
him in the district under notice, and stated that about Windermere 
and Ambleside the general direction is nearly N.N.W., round Gras- 
mere between N.W. and N.N.W., north-west and west of Grasmere 
in upland valleys and on high ridges about N. 30° W., south of Gras- 
mere and in Great Langdale N. 85° W., and in the Coniston district 
a little W. of N. In many places he recognized an uphill march 
of the ice. He thought that the iceflow producing these marks 
might be anterior to the flow from south to north, of which traces 
are observed in the northern part of the Lake-district, and that 
its source was probably a vast mass of ice covering many square 
miles of country north of Far Hasdale. The author also referred to 
the glaciation of North Wales, some of the marks of which, observed 
by him in a district south of Snowdon, seemed to him to indicate the 
southerly movement of a great ice-sheet capable of ignoring or 
. crossing deep valleys. He noticed that towards the top of the pass 
of Lilanberis there is a thin covering of drift on the 8.W. side, 
resembling the gravelly pinnel of the Lake-district. He also men- 
tioned the occurrence near Llyn Llydan of numerous mounds 
composed of clay, sand, and fine gravel, the stones having generally 
been rolled by water, and ascribed their formation to a combination 
of glacial and marine actions. 


Discuss1on.—Mr. Ward was inclined to regard the scratches in the Lake-dis- 
trict described as due to the confluence of several glaciers, so as to form a large 
mass of ice, the pressure of which enabled it to travel over the ridges separating 
the valleys, especially at their lower ends. If the phenomena could be explained 
in this manner, he thought it needless to invoke the existence of a large general 
ice-sheet. If such a thing had existed, it must have brought some of the rocks 
from the north and deposited them in the district, and this was not the case. 

Mr. D. C. Davies thought that the author had left some circumstances out of 
view, especially the difference of dates of the strize on the Welsh mountains, 
which had been cut at different times during the elevation and depressions of the 
jand. He instanced the occurrence of fragments of Scotch, granite in gravels at an 
elevation of from 1500 to 2000 feet above the sea. 

The Chairman observed that some years ago he had attempted to show that 
Anglesea had been glaciated by ice that had come from the north in the Cumber- 
land district, and attributed this circumstance to the preponderance of this northern 
ice over that from the Snowdon range, which was, as it were, set aside by it. He 
was inclined to think that the Menai Straits, the direction of which coincided with 
the main lines of glaciation in Anglesea, might be due to the same cause. 


3. Notes on some Lamellibranchs from the Budleigh Salterton 
Pebbles.” By Arthur Wyatt Edgell, Hsq., F.G.S. 

In this paper the author commenced by noticing the accordance 
between many of the pebbles of Budleigh Salterton and beds occur- 
ring on the opposite side of the Channel in Brittany, and then’ 
described several species of Lamellibranchiata found in the Budleigh 
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Salterton pebbles. The species described were :—Modiolopsis ar- 
morici (Salter), M. Lebesconti, sp. n., Sanguinolites?, sp. (contortus ?, 
Salter), Aviculopecten Tromelini, sp. n., Pterinea retrofleca (Hi- 
singer, and three other species, Palearca, sp., Avicula, sp., Cleido- | 
phorus ?, sp., Lunulocardium ventricosum, sp. n., Ctenodonta, sp., and 
Orihonota?, sp. 


Discussion.—The Chairman commented on the value of the paper. The 
distance of the parent rocks, the rolling of the pebbles, and their travelling from 
south to north, threw considerable light on the physical condition of the Triassic 
period. If the New Red Sandstone were, as was now generally supposed, of 
freshwater origin, the information given was of still higher interest. 

Mr. Godwin-Austen observed that one of the remarkable features of the 
Budleigh Salterton beds was the presence of fine sandy deposits, both above and 
below, which at once suggested a difficult question as to what could have been the 
condition under which they were deposited. He thought that they might be 
connected with some glacial action, especially as blocks of porphyry, 25 tons in 
weight, had been transported from the neighbourhood of Exeter and deposited in 
the Triassic beds, which could hardly have been effected otherwise than by ice. In 
the same manner as the shingle of Lake Superior is carried away and redeposited 
by shore-ice, so he thought it possible that some action of the same kind might 
during a portion of the New Red Sandstone period have drifted materials off from 
the French shore of the Triassic lake, and deposited them in this shingle-bed at 
Budleigh Salterton. In conclusion, he alluded to the loss which the Society had 
sustained in the death of Professor Louis Agassiz, its distinguished Foreign Member, 
to whom the now generally accepted term roches moutonnées, so often mentioned 
in the course of the evening, was due. 

Mr. Whitaker pointed out that in the slaty rocks at Mevagissey in southern 
Cornwall, were quartz reefs of similar character to the material of the pebbles at 
Budleigh Salterton, and recommended a careful examination of these reefs before 
accepting the Breton origin of the pebbles as conclusively established. The 
deposit at Budleigh Salterton was, he believed, a lenticular mass of no great extent. 

Mr. Etheridge remarked that Mr. Salter had long ago been of opinion that the 
fossils in the pebbles were of French origin. Mr. Tawney also had examined the 
beds near Torbay and Babbacombe, and found the lithelogical characters curiously 
like those of the pebbles. He did not, however, think that any of the same fossils 
had been found in them, nor had they been found in the Mevagissey beds in 
Cornwall. 

Mr. Hicks thought that we were going too far in search of the original home of 
the fossils, which might have been in some rocks destroyed during the formation 
of the Channel. 


GeoLocists’ Assoctation.—I.—December 5, 1873.—Henry Wood- 
ward, Hsq., F.R.S., F.G.S., President, in the Chair.—‘ On the York- 
shire Oolites.” By W. H. Hudleston, Hsq., M.A., F.G.S. 

The district occupied by beds of Oolitic age in north-east Yorkshire 
constitutes a mass of elevated land divided into two very unequal 
lobes by a triangular depressed area, known as the Vale of Pickering, 
towards which the beds incline. A diagonal of 31 miles from N.E. 
to 8.W. exhibits the beds of the Moorland range resting on the Lias 
of Robin Hood’s Bay, whence they incline towards the Vale of 
Pickering, newer beds being continually met with as far as the 
“Kimmeridge Clay” of the Vale. Crossing the Vale towards the 
Howardian Hills, the previous beds or their equivalents are repeated 
in inverse order until the Lias of the Vale of York is reached. 
Dealing with the Lower Oolites, the group is essentially arenaceous. 
At the eastern termination of the Moorland range (coast section) 
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these beds have a thickness of 700 feet, mostly sands and shales, 
nearly devoid of marine mollusca, but rich in plant remains. There 
are, however, four distinct zones of marine life (well pointed out by 
Dr. Wright in 1859), which may be made out on the coast, and 
identified in the transverse valleys of the Moorland range. 

1. Tue Doecer and its associated Sanprock, magnificently de- 
veloped at Blue Wyke, a sandy Oolite altered into an ironstone, 
calcic carbonate being replaced by ferrous carbonate; in the case of 
the shells the original material being now replaced by siderite. Very 
unequally developed, it sometimes rests on 60 feet of Striatulus-beds, 
sometimes directly on the Upper Lias, and is considered by geologists 
as forming part of the Murchisonia zone of the Inferior Oolite. It is 
the source of the principal Oolitic ironstones of Yorkshire. The 
Rosedale magnetic ore is a local boss occurring in the underlying or 
Blue Wyke Sands. Fossils are usually small of their kind, and 
mostly come from the Nerinza-bed. 

2. “THe Mrtierors-Bep.”—At the point of their maximum de- 
velopment, 300 feet of sands and shales intervene between the 
Dogger and this bed, which, north of Scarborough, is usually an 
arenaceous ironstone, but a few miles south of that town becomes 
the most important calcareous member of the Lower Oolites. 
Ceromya Bajociena, Modiola imbricata, and Pinna cuneata are very 
common shells, whilst Pholadomya Lemanni and Pygaster semisul- 
catus are characteristic; but the author was unable to find any 
Brachiopods. 

The principal fossiliferous bed is an Oolitic marl, altered into an iron- 
stone; the shell matter is gone, and partly replaced by a kind of Kaolin. 

3. 100 Fret or Sanprock succeed, and then follows the “ Scar- 
borough Limestone”’ series, consisting of grey marly limestones, 
alternating with marly shales, varying in thickness from 50 feet at 
Hundall to three feet at Gristhorp (distance nine miles). Belemnites 
giganteus is a conspicuous fossil. A few specimens of Ammonites, 
Blagdeni, etc., have rarely been found in nodules. Avicula, Gervillia, 
Pinna, extremely abundant. Trigonia costata fine. Trigonia signata 
rare. No Brachiopoda, and only species and fragments of Hchino- 
dermata. Above the “Scarborough Limestone” series occur 160 feet 
of shales and sandstones: some of these beds exhibit casts of 
Myaciform shells. ‘There is also a ferruginous bed containing an 
oval Unio of moderate size in great abundance. 

4. The fourth fossiliferous zone is usually referred to the Cornbrash. 
More complete marine conditions are apparent. Brachiopoda are 
abundant. Ammonites Herveyi plentiful. A fine suite of fossils were 
obtained from this bed, which is the last of the Lower Oolites. 

In the inland chain §.W. of the Vale of Pickering, the Lower 
Oolites are much attenuated, amounting to more than 150 feet in the 
Derwent valley. The types, too, are much altered. At the base 
resting on the Lias is the “Top-seam”’ of ironstone, with Lingula 
Beami and Orbicula refleca on the horizon of the sands of Blue 
Wyke, which are also further represented by an’ argillaceous lime 
and iron stone, containing species of Glyphea, similar to those found 
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on the coast. The Dogger proper is poorly developed here, as are 
the lower shales and sandstones ; but the second fossiliferous zone of 
the Lower Oolites is well represented by an Oolitic Limestone of 
considerable importance, containing several species characteristic of 
the lower part of the Inferior Oolite. Above this, and separated by 
a few feet of sands, are some arenaceous limestones containing Lima 
bellula, Pholadomya Theraultii, Rhynchonella spinosa, a large discoidal 
Ammonite, etc., perhaps on a level with the Trigonia-grits of 
Cheltenham. This fauna gradually dies out through excess of sandy 
matter, some shales intervene, and then another group of sands with 
siliceous limestones occur. These have a tolerably abundant fauna 
of a peculiar character. Avicula, Gervillia, and Myacites are es- 
pecially abundant in these beds, which may possibly be the equivaient 
in time of the Cornbrash of the coast, though more estuarine in 
character. 

Il.—January 2nd, 1874. Henry Woodward, Esq., F.RB.S., etc., 
President, in the Chair. ‘‘On the Nature and Formation of Flint 
and allied bodies.” By M. Hawkins Johnson, Hsq., F.G.S. 

The object of the paper was to show the nature of several members 
of a large group of bodies occurring in sedimentary deposits of dif- 
ferent ages, and which are generally known as nodules, and described 
as concretionary. Those specially alluded to were the Septaria from 
the London and Kimmeridge Clays, the Flints from the Chalk, Iron 
Pyrites from the Chalk, the Phosphatic nodules of the Gault, the 
Clay Ironstone nodules of the Carboniferous series, and the Ironstone 
from the Woolwich Beds. By the gentle action of solvents, the 
structure of these bodies is revealed so as to be easily examined by 
the microscope. They are then found all to agree in possessing 
a silicified organic structure, which may be described as a network 
of fibres, or a mass permeated in every direction by anastomosing 
canals. This structure was subsequently filled in with other 
material, such as carbonate of lime, silica, bisulphide of iron, 
phosphate of lime, carbonate of iron, etc., the particular substance 
thus filled in depending upon the relative abundance of the sub- 
stances dissolved in the interstitial water of the surrounding matrix. 
The singular group of concentric siliceous circular bands seen upon 
many fossils, and known as Orbicular Silica, or Beekite Markings, 
were also referred to. The fossils on which they occur were im- 
bedded in a matrix more porous than themselves, and of irregular 
constitution, so that the evaporation, to which the consolidation of 
the dissolved silica in their pores was mainly due, occurred at a 
number of points on the surface of the fossil, at which points 
a deposit of silica took place, forming the central tubercles. The 
cessation of evaporation was followed by a fresh saturation with the 
solution, to be again evaporated. But as the evaporating points 
were now plugged up by the previous deposits, the silica last con- 
solidated was deposited around their margin and upon them in- 
ternally, appearing outwardly as a ring round the tubercle. Alter- 
nations of these conditions account for the numerous bands seen in 
some of the groups. 


94. Correspondence—F. Drew.—F. A. Bedwell. 


CORRS 22 @ Aya se @ eae 


THE UPPER INDUS BASIN. 

Srr,—Wheneyer Colonel Greenwood writes on the subject of rain 
and river action, we are sure to learn a good deal. I am very glad 
that he has noticed the facts about the Upper Indus alluviums which 
I laid before the Geological Society, and has. entered into the dis- 
cussion of their causes. With much that he has written I heartily 
agree; and if on one point I still differ, it is with a mind open to be 
convinced if the causes I proposed to account for the present state 
of the alluvial deposits should seem after further argument either 
inadequate or unnecessary. 

I grant the “hard gorge and soft valley” theory of Colonel 
Greenwood generally ; in some instances where I have observed the 
alternation, a difference in the rocks can be seen to account for it; in 
others the reason is less clear. Still I am ready to believe that 
further knowledge of the character and position of the rocks would 
show that this theory is applicable to most cases. 

But I feel great difficulty in agreeing that the accumulation and 
subsequent denudation of thick alluvial deposits were due only to 
the variations in slope of the river-bed. In the first place I cannot 
see how hundreds of feet. of alluvial strata could be formed one 
upon another in a wide valley ending in a gorge, while the bed of the 
gorge was sinking from erosion. 

Secondly, we have the alluvial gravels, to a great thickness, in the 
gorges as well, This is evidence that, at the accumulating time, 
alluvium (of varying degrees of fineness very likely) was deposited 
all along both valley and gorge; that the river-bed rose everywhere, 
though ‘not in all places to the same relative height above its rock 
bottom, nor probably, with one uniform gradient. 

There are many instances in the narrow parts of the Indus Valley 
itself of alluvial pebble-beds two and three hundred feet thick, while 
in the narrow tributary valleys six and seven hundred feet of them 
are seen. The cases of Khardong and Tainyar are the two most 
striking ones that come to my mind at this moment. 

This it is that makes me think Colonel Greenwood’s theory insuffi- 
cient. That my own is the right one of course does not follow; and 
T will not fill up your space at present in maintaining it, being con- 
tent to attempt advancing the discussion one stage at a time. 


28, JERMYN STREET, FrRrepDERIc Drew. 
January 21st, 1874. 


THANET CHALK. 

Srr,—I omitted to state in my paper on this subject (Groz. Mae. 
Jan. 1874) that the average diameter of the Ammonites exhibited 
in the Isle of Thanet is at least three feet: also that any person 
visiting the section should go at the first or last quarter of the moon, 
as ‘the springs ” in the Island bring the high tide on between 
12 and 1 o’clock in the day, and stop all continuous work between 
9 in the morning and 5 in the afternoon. F. A. Bepwett. 


23, Ourp Square, Lincotn’s Inn. 
January 17th, 1874. 
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SCOTCH GRANITE ON WELSH HILLS. 

Srr,—Mr. D. C. Davies, F.G.S., is reported to have stated at a 
meeting of the Geological Society on the 7th of January (after the 
reading of my paper), that Scotch granite is to be found on the 
Welsh mountains up to 2000 feet above the sea! Mr. Davies would 
oblige, not only myself, but, I have no doubt, many of the readers 
of the GronocicaL Macazinz, by mentioning the locality, and 
whether the granite has been identified by tracing it northwards to 
its source. D. Macxintosu. 


ORIGIN OF EARTHQUAKES. 


Srr,—I have only just been fortunate enough to see Mr. Malet’s 
interesting paper on the Origin of Earthquakes which appeared in 
the February number of the Grontocican Magazine, 1878, Vol. X. 

Bas 
: I cannot think he has satisfactorily accounted for them, referring 
them to the action of water percolating underground, wearing away 
the rocks, and by so doing causing subterranean landslips. Surely 
if it is to this that Earthquakes owe their origin, they would be 
found occurring in every country, but far more frequently in those 
in which is the greatest rainfall. Great Britain and Ireland are pro- 
bably the most rainy countries in Europe, and accordingly ought to 
be those most severely shaken by Harthquakes; nevertheless, these 
are countries nearly entirely exempt from such shocks. No doubt 
many Harthquakes do occur in England every year, but of so slight 
a character as to be perceptible only by special instruments for 
detecting them, and Mr. Malet is evidently referring to those of a 
more severe character. 

On the other hand, when we appeal to that observation of facts 
on which Mr. Malet lays rightly so much stress, we find a close 
connexion between the distribution of volcanic areas and the fre- 
quency of earthquakes ; both volcanos and earthquakes have, in the 
main, developed themselves in the same directions, and the latter 
increase ih frequency on approaching the focus of volcanic activity. 

Again, we hear of earthquakes ceasing when a new volcanic vent 
has been formed in the district, or an old one re-opened. This is 
apparently another indication of the community of origin of vol- 
canos and earthquakes, the former acting as a safety-valve to the 
latter, but by Mr. Malet’s theory I can see no explanation of it. 

Again, we know that eruptions are attended and preceded by 
earthquakes, though not of the first magnitude, but instead of con- 
sidering the eruption the effect of the earthquake, it seems to me 
more reasonable to assign them both to a common cause, namely, the 
expansion of subterranean matter causing rendings in the rocks from 
an over state of tension, and when, as in this instance, occurring at 
a comparatively slight depth, the melted matter forcing a way to the 
surface will flow over it as an eruption. The greatest earthquakes 
frequently take place far from volcanic areas; but we may, I think, 
with some confidence refer them to the same cause producing the 
minor shocks; only that taking place at too great a depth for the 
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melted matter overcoming the resistance of the rocks above to force 
a passage to the surface; consequently no eruption follows, or in 
Mr. Malet’s words, “an earthquake is an uncompleted effort to 
establish a volcano.” A. Convin, F.G.S. 


New Unrversiry Civ, St. James’s Street, 8.W., 
December 22nd, 18738. 


MISCHLIUANBHOUS. 

i SS SS 

On tHE Derivation or THE Worp “SarsEn.”—It was supposed 
by Dr. Stukeley that the word Sarsen came to us from the Phoenicians, 
and other writers since his time have adopted it as such; but the 
greatest authority of the present day confutes the opinion, and 
states “that no word in the English language is of Phoenician origin.” 
If so, we must inquire what other language will assist us. In the 
Anglo-Saxon, ses is a rock or stone; sess, a settle or seat; sesan or 
sesen, rocks. The e in sesan is without accent, and sounded like e 
in there, ai in fair, or as aprés Fr. The word Sarsen is pronounced 
by the country people sdsen, omitting the 7; so that, perhaps, the 
word Sarsen is no other than the Anglo-Saxon Sesan, “ rocks,” and 
correctly sounded by the Wiltshire descendants of our Saxon fore- 
fathers, who still retain many other words of the same origin in 
great purity; for, as Dean Trench has observed, “they have not gone 
from us, but we from them.” 


Oxprst Britise Srarrisu.—Mr. Henry Hicks, F.G.S., F.R.C.S., 
has called my attention to an important omission made in my list of 
Paleozoic starfishes printed in the last number of this Magazine, 
page 7. I find I omitted from that list the oldest known British 
starfish, the Palasterina Ramseyensis, a new species, described by 
Dr. Hicks in the Quart. Journ. Geol. Soc. Lond. 1872, vol. xxix. 
p- 51, pl. iv. figs. 21-23, from the Tremadoc rocks of Ramsey Island. 
The specimen was discovered by Mr. Lightbody, of Ludlow. Mr. 
Hicks mentions that Dr. Otto Torell and Mr. Linnarson had de- 
scribed forms of starfish which had been found in Sweden, in rocks 
supposed to be of the age of the Harlech group of Great Britain. 
Another Paleozoic form has also been figured and described by 
Mr. W. Hellier Baily, F.L.S., F.G.S., in the publications of the 
Geological Survey of Ireland, to which my attention has been called 
by Prof. Harkness, F.R.S., of Queen’s College, Cork.—H. W. 


@aS Ea UPAMES 7. 
<= 
Pror. A. EB. Reuss, Vienna.—It is with deep regret we record the 
death of an able Austrian paleontologist. Prof. Reuss was a Foreign 
Correspondent of the Geological Society of London, and author of 
many papers on the Foraminifera, Crustacea, etc. We hope to give 
a longer notice of Prof. Reuss next month. 
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I.—Tue Leinster CoAL-FIELD. 
By J. M°C. Meapows, F.R.G.S.I., Mining Engineer. 


AVING: been connected with mining works in this district, the 
: writer offers the following particulars in reference to its seams: 
of Coal, and resources for supply of fuel. 

The recent Royal Coal Commission estimated the quantity of 
Coal in the Leinster Coal-field at 75,000,000 tons. If only two- 
thirds or 50,000,000 tons be taken as practically available, the 
quantity is of some importance in connexion with the situation of 
the field. 

Position and general description. 

If a short journey by rail be made from the Kildare Junction of 
the Great Southern and Western Railway to Kilkenny, and from 
Kilkenny by the Central Ireland Line to Maryborough, and from 
Maryborough back by rail to Kildare, a complete circuit of the 
district within which the Coal-field is contained will be made. 
Surrounded on all sides by lines of railway, and although at some 
points very nearly approached, the Coal-field is, however, without 
direct railway communication with any of these lines. 

Externally the Coal-district offers a generally uniform character. 
It consists of a succession of hills, varying from 600 to 1000 feet 
above the sea-level, which at or near their summits blend one into 
another, and together form in the interior a traet of undulating 
country extending over more than 200 square miles. The rivers 
Dinan and Deehin form the principal drainage lines of the interior, 
and the fine valleys through which they run in their course to the 
Nore give a favourable approach from the direction of the: City 
of Kilkenny. 

The greatest. length from north to south is upwards of twenty 
miles, ead the greatest width about fifteen miles, the northern 
portion of the field being in the Queen’s County, and the southern 
in the Co. of Kilkenny. 

The geological formation consists of alternations of stratified sand- 
stone and shale, forming together. in external shape, an irregularly 
rounded tract of hill-country, which rests upon the uppermost beds 
of the Mountain Limestone. 

The lower strata of this formation for a vertical thickness of more 
than 1000 feet appear to be destitute of workable seams of Coal; 
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and as for the most part these lower beds dip or incline moderately 
towards the interior, a considerable portion of the formation referred 
to is met with in the exterior, which is devoid of workable Coal, 
although interstratified with a few thin seams six inches and under 
in thickness. For this reason, amongst others, out of the total area 
of 200 square miles comprised in the district, not much more than 
one-fourth represents in the interior the Coal-field proper, or that 
portion of the formation within which the lowest workable seams 
of Coal have been found. 

The strata in general undulate, and on all sides finally dip or 
incline to one common centre. This centre is in appearance basin- 
shaped, and it forms the main Coal-basin of the Lordship of Castle- 
comer and Doonane, with the detached basins of Clough and New- 
town. 

- In this paper these Coal-basins will first be referred to, and after- 
wats the seams of Coal in the exterior of the field. 


Interior of the Coal-field. 


In these central basins once lay the celebrated ‘‘ Kilkenny Coal.” 
An exceedingly pure anthracite Coal, it varied from two feet six 
inches to three feet four inches in thickness, and is known as the 
three-feet seam. 

Commencing at little more than a mile north-east of the town of 
Castlecomer in the Co. of Kilkenny, this seam of Coal extended 
into Doonane in the Queen’s County, a distance of about four miles. 
Narrow at both ends and irregular in shape, the main central basin 
of the Lordship of Castlecomer had, however, from east to west, 
a maximum width of more than a mile and a half, and the entire area 
was favourably circumstanced for working, as the seam lay at com- 
paratively shallow depths below the surface. The pits or shafts 
seldom exceeded sixty yards in depth, while the majority ranged 
from twenty to forty yards each. 

With the exception of the northern end at Doonane, this central 
basin forms part of the Lordship of Castlecomer; and it may be 
said that the system of working by a number of small pits which 
was adopted more than 150 years ago, on the opening out of the 
seam by the then Sir Chr. Wandesforde, continued to be followed 
until its exhaustion within the last 25 years. During that period 
this seam of Coal was generally worked by the successive pro- 
prietors of the estate upon a system of contract with tenants and 
others, under one general engineering’ superintendence and manage- 
ment. 

In addition to this principal basin, there lay two smaller basins of 
the same seam of three-feet Coal immediately near it. One was the 
Clough Colliery on the west, and the other that of the Newtown 
Colliery on the north. At one time, all formed a single basin; but 
owing to undulations of the strata and subsequent denudation, these 
smaller basins are now found detached. With the exception of 
some portions of the seam which were left in the Clough Colliery, 
owing to insufficient power for keeping the workings unwatered, 
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the three-feet seam has been for several years past also exhausted in 
these two basins. 

The total quantity of Coal obtained from this seam of Coal may 
be estimated at about 14,000,000 tons. 

- That source of supply having been exhausted, inquiry will next 
be directed to the other resources of the field. 

About the year 1810, and subsequently, the existence of a seam of 
Coal below the three-feet seam was ascertained by borings made 
under the direction of the late David Aher, C.E., then manager of 
the mines of the Lordship of Castlecomer, in portions of the Coal- 
field that lay between the principal basin of the three-feet seam on 
the east and the Clough Colliery on the west, in ground into which 
the three-feet seam did not extend. Upon the site of one of these 
borings, on the lands of Cloneen, a shaft was sunk about the year 
1829, under the direction of the late Matthias Dunn, and was called 
Jarrow, after the Jarrow Colliery in the North of England. 

In this shaft, at a distance of about sixty yards from the surface, 
a seam of anthracite Coal was found, in appearance and structure 
widely different from the three-feet seam. When in its best con- 
dition, it has a thickness of about four feet, and it is called the 
Jarrow or four-feet seam. Of this thickness of four feet, however, 
usually more than one-half consists of inferior Coal, the- remainder 
being clean hard Coal of excellent quality. 

It is irregularly massive in shape, sharp at the edges in fracture, 
and somewhat uneven or granular on the surface. Slow to kindle, 
but once fully ignited, it gives out much heat, and lasts for a con- 
siderable time, sometimes for hours together, without requiring 
attention or renewal. ! 

While the three-feet seam of Coal could be had, the working of 
the Jarrow seam was not carried on with vigour; but of late years 
considerable quantities of this Coal have been raised, and this seam 
is now reputed to be the most important and valuable in the district. 

About the year 1861 the further working of the first or No. 1 
Jarrow Pit was discontinued, and a second shaft called the No. 2 
Pit, about seventy yards in depth, was sunk more to the dip of the 
seam. Subsequently the original shaft was re-opened, and Coal is 
now raised from both. 

In addition to these workings, the sinking of a third or No. 8 
Jarrow shaft upon the same seam is at present in progress. 

From the workings that have been made, this Jarrow seam is 
found to be variable in its thickness. In its bed it lies in easy 
undulations of the strata, and in the interior of the field it has its 
greatest development of four feet in thickness, principally in the 
deepest portions of these undulations. 

When, however, it rolls over or rises towards the surface with the 
gradual ascent of the strata, it has been found generally to decrease 
in thickness, and sometimes to thin out to one-half or less than that 
in thickness. | 

From borings that have been, from time to time, made upon the 
royalties of the Lordship of Castlecomer, in addition to the work- 
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ings already mentioned, its extension and continuation under the 
whole area that was once underlaid by the three-feet seam, may be 
said to be now well established. The Jarrow seam is, in fact, the 
first workable bed of Coal which is met with below that seam. 

Some of the borings that have proved this seam were made through 
pits in which the three-feet Coal had been worked. The thickness 
of strata between both seams may vary from seventy to eighty yards. 

When itis borne in mind that there has not been as yet any work- 
ing upon the Jarrow seam at any point under the three feet seam, 
and that such workings as have been made upon it are all of them 
outside of the croppings or outgoings of that seam, it becomes 
evident that the Jarrow seam is likely to prove a principal source of 
supply of Coal in the future working of the field. 

When circumstances shall call for a large development of its 
coal resources, the first step for that purpose will be taken when 
sinkings shall be made to the Jarrow seam through some of the 
deep portions of the principal basin of the three-feet seam. 

In addition to the workings already referred to, the Jarrow Coal 
was, for some time, worked at Massford, and it is at present worked 
at The Rock Colliery. both near Castlecomer. More than eighty 
years ago its outgoing was discovered eastward of the Doonane 
portion of the three-feet seam, and some workings were then made 
upon it, and within the last twelve years at the Geneva Colliery, 
near Orettyard. 

Its extension into Clough, the estate of George Leopold Bryan, 
Hsq., M.P., was ascertained by the position and lie of the seam in 
the No. 2 Jarrow Pit, and works are in progress, and a shaft is 
now being sunk to that seam upon the Clough royalty. » 

At Monteen, upon the eastern side of the field, workings have 
been for some time and are at present carried on upon the Jarrow. 
seam; but here it has been found upon the average to be not much 
more than from two feet to two feet four inches in thickness. 

At the Hollypark Colliery, in the Queen’s county, it has also been 
worked upon its northern verge or outgoing, outside of the outcrop 
of the three-feet seam of the Newtown basin. These works are in 
operation at present; but in this instance that Coal, as far as it has 
been as yet wrought, belongs to the class of a thin seam. . 

Upon the west, the Jarrow seam has been partially worked upon 
its verge or outcrop at the Broompark and Riesk Collieries, with a 
thickness of about eighteen inches; but whether in the condition of 
a thick or a thin seam, it generally retains the character of a strong 
useful @oal. It may be worth remark, that wherever this seam has been 
found to approach the surface, its condition has been that of a thin 
seam of Coal, usually of workable thickness. 


Lower Seams and Exterior of the Coal-field. 


To ascertain what workable seams of Coal lie below the Jarrow 
seam, a useful point for observation will be found anywhere at the 
Newtown basin of the three-feet seam. There in its best condition 
a tract of that seam once lay, and if a line of section be now taken 


102 J. McC. Meadows—On the Leinster Coal-field. 


to the north of the Rushes School-house—a prominent feature at 
this part of the field—the structure of the district generally will 
present itself. Advancing forwards from the Newtown basin, the 
Hollypark Colliery is met, in which the underlying Jarrow seam has 
been partially worked along its verge or outcrop, as already men- 
tioned, although in the condition of a thin seam only; and passing 
from it, at a distance of less than one mile, the Rushes Colliery is 
next met with, in which the Rushes seam of Coal, about eighteen 
inches in thickness, was worked several years ago. 

This Rushes seam is the principal Coal-seam of the exterior of the 
field. At Clogrennan Hill (Bilboa), upon the east, at Ballylehane or 
Modubeagh, and Mullaghmore upon the north, and at Skehana and 
Firoda upon the west and south, this seam has been partially worked, 
and these workings may be taken as its principal landmarks. Around 
the district it varies from fourteen inches to two feet in thickness, 
and it may be called, upon an average, an eighteen or twenty-inch 
seam. It is softer than the hard Coal of the interior, and the seam 
sometimes consists in part of fine Coal or Culm, with thin bands of 
clean Coal. It is quicker in kindling, but does not make so lasting 
a fire as the hard Coal. The only mining works that have been of 
late undertaken in the exterior of the field are those at Ballylehane 
or Modubeagh, where a shaft is being sunk to reach a portion of this 
seam at the north of the district. 

Although met with and partially worked at several points, it is 
not meant to be conveyed that this Rushes seam is unbroken or 
completely continuous in the exterior, from one point to another. 
Owing to denudation, faults, and dislocations of strata, its continuity 
may be frequently interrupted, and from the same causes it may be, 
in some places, altogether wanting. 

Whatever its condition may be, it will, however, be found to 
underlie and to extend under the seams of Coal that have been 
already described in the interior of the field. 

To complete the examination of the seams of the exterior, it 
remains to be mentioned that at a depth of about 60 yards below 
the Rushes seam of Coal, another is found which has been called the 
Rossmore Foot Coal, varying from ten to twelve inches in thick- 
-ness. If the line of section be continued from the outcrop of the 
Rushes seam, the outgoing of this last-mentioned or Rossmore seam 
may be observed. 

As at a few points Culm has been raised from this latter seam, 
although in very inconsiderable quantity, it may be considered, 
as far as present evidences extend, the lowest seam with any 
pretensions to be classed as workable in the Leinster Coal-district. 
The workings that have been made upon the Rushes seam and upon 
the Rossmore Foot Coal mark in part the principal points of the 
circumscribing line, within which the Coal-field proper is contained. 

Before a complete section of all the workable seams can be given, 
that part of the field known as the Hill of Coolbane has to be 
noticed. It forms, in the interior, the steep hill or ridge upon the 
eastern side of the high road between Castlecomer and Crettyard, 
and is a special feature of the Coal-field. 
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The three-feet seam of Coal extended here to the foot of the hill, 
and there, by a fault or dislocation of the strata which runs some- 
what parallel with the hill, the seam was thrown down to a lower 
level. Owing in part to being so thrown down, but mainly to the 
steepness of the hill-side, which here rises quickly and immediately 
over it, there is here found overlying the three-feet seam a greater 
vertical thickness of strata than has been met with over that seam 
at any other part of the field. These strata contain in them 
three other workable seams of Coal that are nowhere else found 
together in the field, but which obviously once extended over the 
entire area of the three-feet seam, before the land had been worn 
away and shaped as it is now found. 

These upper strata extend, however, but for a short distance, 
Immediately to the east of them, and nearly parallel with the crest 
of the hill, one of the principal faults of the Coal-field strikes away 
in a north-east and south-west direction, bringing up to the south- 
east, within a few feet of the surface, the strata that contain the 
three-feet seam of Coal, and with them an extension of that seam 
upon the hill and the high ground behind it to the east and north, in 
the direction of Monteen and the Doonane river. The maximum 
displacement or throw of this fault is about eighty yards. 

In the strata that have been referred to as forming the hill-side to 
the west of this main upthrow fault, in a thickness of less than 
seventy yards over the three-feet seam of Coal, the following section 


is found :— 
Srrata. Coa. 
Yds. Ft. Ft. In. 


Surface-soil and sub-strata ... e5 ae ee ee ae 4 0 
Peacock, or 22-ineh seam of Coal ... Kes ah wae aes 1 10 
Intermediate strata ... nee ee 600 Me sas elon 10 
ISLOWVACOA crea sre | coe eaten. Dea eect iiese 3 0 
Intermediate strata ... ae ue sat es AN ae 7 0 
Double seam... Le Ley fa ae ae ase ay 2 6 
Intermediate strata ... ae ue hte eee ae as) 86) 0 
The three-feet seam ... 3 0 


To these may now be added the other seams and strata, in 
descending order, viz. :— 
Intermediate strata, between the three-feet seam and Jarrow Coal, 


from 70 to 80 yards... aug 560 ne ec Sea ety COMO. 
Jarrow Coal, from one foot to four feet in thickness, average... 2 6 
Intermediate strata, thickness not ascertained, but it may be from 

150 to 200 yards... ss 300 soe eee ...unascertained 
Rushes seam ... eis Oc) Smee ale teeanh lgliees Seeli ldkises WEG 
Intermediate strata ... 600 500 60d oot doc sae 4 100100 
Rossmore, Hoot Coals. ese") 1 0 


As far as present knowledge of the field extends, the foregoing 
section presents a fair classification of the several workable seams 
of the Leinster Coal-district. Seams six inches in thickness and 
under are omitted, as, although useful to the miner for the identifi- 
cation of particular beds, they are not of any commercial value. 


; Surveys of the District. 
In the year 1814 a Geological and Mining Report upon the 
Leinster Coal-district, by Sir Richard Griffith, then Mining En- 
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gineer to the Dublin Society, was published by that Society. This 
Report was accompanied by an engraved map and sections, and after 
a lapse of more than sixty years since the survey was undertaken, 
the work done and the results arrived at form an enduring testimony 
to the abilities of Griffith, and to an earnestness of purpose that 
makes his labours upon that survey at such an early date a model 
of work for others. The nfain features of the structure of the field 
as described by Griffith have been followed in this paper, and the 
writer believes that they recommend themselves, upon their own 
evidences, to all who have had any practical mining knewledge of 
the district. 

In the year 1859 the results of an examination of the Coal-field by 
the Geological Survey of Ireland were given to the public in the 
Geological Map-sheets of that part of Ireland, with sheets of sections 
and two descriptive pamphlets. The classification of the seams by 
that Survey is not in harmony with the results arrived at by Griffith. 

For the general structure of the field, as given by him, and sum- 
marized in this paper, there is substituted a theory that the external 
workable seams do not underlie the seams of the interior, but that 
they re-appear, and that the seam which was worked at the Rushes 
and Clogrennan Hill formed in the interior of the field the three- 
feet seam of Coal. There are difficulties in the way of an acqui- 
escence in this theory,—and they are not lessened when it is found 
that the Coals worked at the Geneva, Monteen, Riesk, and Moyhora 
Collieries are also classed by that Survey as belonging to the three- 
feet seam. 

In contrast with the conclusions arrived at by the Geological Sur- 
vey, it is only necessary to refer to a comparison of sections of 
strata over the Rushes seam and the three-feet seam, to show that 
such conclusions are open to re-consideration. 

At Tilly’s Pit on Ballylehane, upon the Rushes seam, there is a 
sectional thickness of strata in the shaft of more than 90 yards, with 
only one intermediate thin unworkable seam of Coal in that section 
overlying the Rushes seam. 

In the side of the Hill of Coolbane, however, there are found over 
the three-feet seam, in a sectional thickness of less than 70 yards of 
strata, three distinct intermediate workable seams of Coal. 

These sections appear to be so deficient in elements of constructive 
identification, it is thought unnecessary to refer to the differences 
which are found in the strata themselves, or in the thicknesses and 
qualities of the seams of Coal. 

In connexion with the structure of the field as presented in this 
paper, reference may be made to the Slievardagh Collieries. 

From the Leinster district the underlying limestone and the 
lower beds of the Coal-formation extend in a south-westerly direction 
into the Co. of Tipperary, and the formation is found to preserve its 
upper or Coal-bearing strata as it approaches the town of Killenaule. 
In the hills to the north of that town are the Slievardagh Collieries, 
and as the lower beds and the underlying limestone are continuous 
from one district to the other, some approximate similarity in the 
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relative positions and characters of the seams of both districts may be 
looked for. 

The Slievardagh field has the advantage of regularity in its strati- 
fication, and the following is a section of the deepest portion of the 
field near its centre, at the Harlshill Colliery :—? 


STRATA. Coat. 
Yds. Ft. Ft. In. 
Surface and uppermost beds... be auth soe tee Bog OW 
Parkenclea, or four-feet seam A oe 2 aie bas 4 0 
Intermediate strata ... By as nats oe uy, are) 
Clashacona Coal ... ne ae pis a Has ae 240) 
Intermediate strata ... as es &. ang abe SS Oa 
Hanley’s Vein as 50 300 bis 500 50 ae 1 6 
Intermediate strata ... sete uy aa aes St mer O00 
Crow Coal... es ne hi Ae waa Lae ae 2 0 
Intermediate strata ... 454 ee Aer ise he .. 47 +0 
Main Coal... ve aah ae am an esa Bee 2 0 
Intermediate strata ... nce ma she al 5 eee OY, 
Maher’s Vein... Ae He a cece aa un 0 8 
Intermediate strata ... Lhd a ah we we rest 0 YO 
Second, or Upper Glengoole seam ... SSB) 606 Sho bo 1 8 
Intermediate strata ... 43 0 


First, or Lower Glengoole seam, being the lowest workable seam 
in the Shevardagh district, varying from one foot to one foot 
six inches in thickness... : *. 1 3 


As in this section there is an upper seam for which in the Leinster 
field there is a deficiency of strata over the Peacock Coal, the sections 
of the two districts will be best contrasted in ascending order from 
the lowest workable seam in each. 

It is submitted that the No. 1 and No. 2 Glengoole seams of 
Slievardagh represent the Rossmore Foot Coal and the Rushes seam of 
Leinster, and that Maher’s Vein and the Main Coal of Harlshill re- 
present the Jarrow seam and the three-feet seam of the Castlecomer 
field. The thickness of strata between the No. 2 Glengoole seam 
and Maher’s Vein points to the distance, which is also felt to be con- 
siderable, between the Rushes seam and the Jarrow Coal. 

When the sections are examined in detail, and the relative quali- 
ties of the seams compared by those with practical knowledge of both 
districts, other parallels, unnecessary here to refer to, will be ob- 
served. Amongst them, however, may be mentioned as common to 
both districts the character of the coal of the two lower workable 
seams in which Culm or fine coal occurs, and the preponderance of 
hard coal in the upper seams.” 


Present Condition. 

Upon a recent visit by the writer, the several mining works, at 
present raising coal in the district, were found to be as follows: 

Upon portions of the upper seams,—Pits on the Hill of Coolbane. 

Upon the Jarrow seam,—Jarrow Pits Nos. 1 and 2, the Rock 
Colliery, Monteen Colliery, Hollypark Pits. 

Upon the lower seams,—Skehana Colliery, Ballylehane, Tolerton, 
Rossmore, and Reevanagh, . 

1 Geol. Survey of Slievardagh Coal-district, Sheet 146, and accompanying Memoir. 


ie ® It may be mentioned that a further examination of the Leinster Coal-field is now 
(1874) in progress by the Geological Survey of Ireland. 
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In addition to the foregoing, some few pits are occasionally met: 
with upon shallow portions-of basins of the three-feet seam, for 
recovery of remnants of Coal that may have escaped the efforts 
of former searchers. 

The present output of the Coal-field is at the rate of about 80,000 
tons yearly. Of this quantity about one-half consists of small Coal 
and Culm, which are used for the burning of lime and bricks, and as 
fuel by the poorer classes. Sixty years ago, when Griffith made his 
Report, the output was estimated at about 170,000 tons yearly. 


Character of the Coal. 


All the seams are of the Anthracite class and entirely smokeless. 
The three-feet seam was a very pure coal, and in its composition 
almost entirely free from the pyritic or sulphurous intermixtures 
with which the other seams are more or less impregnated. 

To persons not familiar with the use of these descriptions of Irish 
Anthracite coal, the gases given off in burning are disagreeable 
where there is not sufficient chimney draught for their removal, and 
for this reason, amongst others, the use of the coal for house purposes 
has not extended much beyond the belt of country in which, around 
the Coal-district, it has become long and well established as the local 
fuel. With those that have been accustomed to it, the disadvantage 
referred to weighs, however, but little when the high heating power 
and lasting properties of the coal are taken into account. For the 
drying of corn and of malt there is a good external demand for this 
coal, and as for these purposes the best and hardest portions are 
always selected, it adds to its other qualities capability of transport 
to long distances without much waste or loss. 


The Mining Population. 

About 600 persons, including men and boys, are at present em- 
ployed underground in the several mining works. Of this number 
270 are colliers, whose special work is the getting of the coal from 
its bed, and about 240 constitute the miscellaneous mining labour 
employed underground in bringing the coal to the bottom of the 
pits or shafts, and keeping the working places and roadways or 
levels of the mines in working condition. About 70 are able miners 
who are employed in the sinking of the shafts at present in progress 
in the district. 

Speaking from experience, and taking into account the labours 
they undergo, the miners, as a class, are an intelligent and well- 
disposed body of men. Owing to the nature of their work, they do 
not, however, in general, enjoy the robust health of the mechanic or 
field labourer, and much yet remains to be done for their better well- 
being in life. 

It is much to be desired that with the progress which now brings 
material comforts to most classes, improved dwellings may in future 
replace the almost comfortless abodes that are now pointed out to 
the stranger as the miners’ homes, and which for the most part give 
but doubtful shelter to families and men upon whom not only the 
district itself, but a large extent of country around it, is mainly de- 
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pendent for convenient supply of fuel. In bringing the present 
paper to a close, the writer feels that he would but inadequately 
perform his task if he confined himself to the discussion of seams of 
coal, without reference to the men by whose labour they are made 
available, or without expressing a hope that with increased industrial 
enterprise, there may be henceforth coupled in this district a reason- 
able solicitude for the material comfort of the working miner. 

In conclusion, the writer offers his best thanks to the several 
mining proprietors for aiding him in his inquiries, and enabling him 
to give, with accuracy, the condition of the field as regards its 
present output of coal. 


II.—On some Specimens oF DirayrocaRiS FROM THE CARBONIFEROUS 
Limestone sEertes, Hast Kinspripz, AND FROM THE OLD RED 
SANDSTONE oF LANARKSHIRE. 

By Henry’ Woopwarp, F.R.S., F.G.S8., etc., 
of the British Museum, and 
Rosert Ernerimpeer, Jun., F.G.S., ete., 
of the Geological Survey of Scotland. 
(PLATE V.) 
(Continued from November, 1873, p. 486.) 


3. Dirayrocaris ovatis, W. and B. (Pl. V. Fig. 1), Mems. Geol. 
Survey, Expl. Sheet 28, Scotland, 1873, p. 100. 

This species most nearly resembles D. Colei! in outline, but is 
little more than half its size, and is quite destitute of the strong 
median and lateral ridges which mark Portlock’s species. 

The specimen is from East Kilbride, and was obtained by Mr. A. 
Paton; it has both the valves united, although somewhat fractured 
and impérfect. 

Its general outline is oval ; its length as contrasted with its breadth 
being as three to two. 

The anterior ends of the conjoined valves are roundly produced, 
inclosing a slight mesial indentation in front. 

The posterior border of the shield is more deeply indented in the 
centre, and the lateral margins are produced and terminate in an 
acute spine on each side. 

The greatest length of the shield, measured along the latero-mesial 
line, to the tip of the posterior spine, is 55mm. ; its length along the 
dorsal line is 45mm. Its greatest breadth across both valves is 
38 mm, | 

The surface of the carapace is nearly smooth, save at the anterior 
extremity and close to each side of the mesial line, where it is finely 
granulated ; the maxillary ridges are situated about 4 mm. on either 
side of the mesial line, which is not very strongly marked ; the two 
lateral ridges running parallel to the mesial ridge are only faintly 
indicated. 

The margins of the shield are decorticated, but the impression of 
the double border is clearly seen upon the matrix. 


1 See Geological Report on Londonderry, etc., by Captain Portlock, Dublin, 1843, 
p- 314, pl. xii. 
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Locality.—Kirktonholm Cement Works, in shale above the Calder- 
wood Cement Stone (L. Limestone Group). Cabinet of Mr. A. 
Paton, H. Kilbride. 


4, Diruyrocaris GRanuLATA, Woodw. and EH. (Pl. V. Figs. 2 and 
3), Mems. Geol. Survey, Expl. Sheet 23, Scotland, 18738, p. 99. 

This species is represented by two half-shields or valves,—which 
have apparently separated down the dorsal line, —the larger (Fig. 2) 
measuring 40 mm. in its greatest length, and 18 mm. in its greatest 
breadth ; the smaller (Fig. 3) 31 mm. long, and 15 mm. broad. 

The outline of the shield is elliptical, with a broad but shallow 
rounded notch at the anterior (rostral) end, and a deeper but broader 
one at the posterior extremity. The angles of both are marked at 
the anterior end by a short blunt spine, and at the posterior by a 
more acute spine on each side. The breadth and depth of the 
posterior notch are twice as great as that of the anterior one. 

The median or dorsal line is marked by the same characteristic 
transverse scale-like markings, and the latero-posterior border by 
parallel oblique raised lines ; a slightly raised line marks each valve 
parallel to and midway between the dorsal line and the lateral 
margin. ‘The marginal or outer balf of each valve is nearly (if not 
quite) smooth; the inner half of each, nearest the dorsal line 
(especially near the anterior notch), is finely granulated. 

The anterior part of each valve bears two minute rugose ridges ; 
that nearest and parallel to the dorsal line 3 mm. long; that most 
anterior and furthest from the dorsal line 4 mm. long. These 
valves are perfectly flat and free from relief, save the slightly raised 
dorsal and median line, and the thickened lateral margin. 

Locality.—Kirktonholm Cement Works, and Glebe Quarry, E. 
Kilbride, in shale above the Calderwood Cement Stone (L. Limestone 
Group). Collected by Mr. J. Bennie; collection of the Geological 
Survey of Scotland ; and in the cabinet of Mr. A. Paton, H. Kilbride. 


5. Diruyrocaris GiaBra, W.and HE. (Pl. V. Figs. 4 and 5), Mems. 
Geol. Survey, Expl. Sheet 28, Scotland, p. 99. 

Although not comparable in point of size with D. tricornis, 
Scouler, or D. Colei, Portlock, this is the largest of the four new 
‘species described in the present paper. 

It corresponds most nearly in the outline of the carapace (when 
restored) with D. granulata ; but the surface is quite smooth and desti- 
tute of all ornamentation, save the maxillary ridges and some minute 
granulation near the anterior notch; whilst the latero-posterior 
border is ornamented by oblique raised parallel lines. 

_ The species is represented by the half-shields of two individuals 
of different sizes, one of which (Fig. 4) is compressed perfectly flat, 
the other (Fig. 5) retains its normal tumid contour. 

The anterior margin of each valve is produced into a small short 
spine; the posterior margin into a more robust recurved one. 

The centre of the carapace is indented by a narrow sinuous notch 
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at the anterior end, whilst at the posterior border the indentation is 
twice as deep and nearly twice as broad as that at the anterior end. 
The following are the measurements of the two half-carapaces :— 


Large half cara- Smaller half cara- 

pace (Fig. 4). pace (Fig. 5). 
Greatest breadth ... hee bab seine 2 O) LINN Saal fag See 22mm: 
Greatest length ae ue wo BONG Dias eae ene OOM. s 
Length along the dorsal line es ma Obs fee oe Ve Ole. 
Breadth of anterior notch ... we seep LO) iss Vee Bee See Dy 
Depth of anterior notch ... aan ela ania ase ate ee ON tee 
Breadth of posterior notch ... eee gant 8) 6p as ne sesh OM es 
Depth of posterior notch .. B00 Rdg) | WG venison S60 cho NG) 9g 


Although closely resembling D. granulata in outline, the absence 
of ornamentation has induced us to give to D. glabra a distinctive 
specific appellation. 

Locality.—Glebe Quarry, East Kilbride, in shale above the 
Calderwood Cement Stone (L. Limestone Group). Cabinet of Mr. 
A. Paton, East Kilbride, who has kindly presented the specimen 
figured to the Collection of the Geological Survey of Scotland. 

We shall probably be able shortly to separate the carapaces of 
Dithyrocaris into two groups, which, upon fuller acquaintance, may 
form two genera, namely :— 

A. Dithyrocaris proper, represented by those forms having the 
carapace entire in front, or only slightly indented or curved in outline. 

Dithyrocaris tricornis, Scouler. 

Colei, Portlock. 

ovalis, W. and E. 

testudinea, Scouler 9 
Scouleri, M‘Coy \ louasha): 

B. Forms having the carapace more or less deeply indented 
anteriorly and posteriorly, so as to cause it to separate more readily 
along the mesial line, probably indicating forms in which the shield 
was (during life) bent more acutely down upon the sides of the body 
than in the forms (A.) above. 

Dithyrocaris granulata, W. and E. 
glabra, W. and E.; and probably also 
? tenuistriata, M‘Coy, and 
——_—_—? Belli, H. Woodw. 


6. Dirarrocaris? srriara, W. and H. (Pl. V. Fig. 6), Mems. 
Geol. Survey, Expl. Sheet 23, Scotland, p. 100. 

We have had considerable hesitation in referring this fragmentary 
specimen of phyllopod-remains to Dithyrocaris, but are less inclined to 
refer it to Ceratiocaris, because the peculiar striations (partly seen on 
the fossil and partly on the matrix) resemble those of Dithyrocaris. 
Unfortunately the posterior border is wanting, and the anterior 
margin is simply rounded in outline. Only half the carapace is 
preserved. The length of the carapace would have been about 
30 mm., its breadth is 15 mm. A median lateral line traverses the 
half-shield, whilst two marginal lines, following the curve of the 
carapace, indicate the double border so well shown in D. tricornis. 
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The front border appears to have been roundly produced on each 
side with a shallow median indentation; the posterior border was 
no doubt furnished with two lateral spines, having the usual mesial 
indentation between them. 

The surface of the carapace is plain; the maxillary ridges are 
not seen. 

Locality and Formation.—tIn greenish-grey shale of the Lower Old 
Red Sandstone, Carmichael Burn, 8.E. of Lanark, associated with 
Orthoceras dimidiatum, Sow., ete. Collected by Mr. A. Macconochie. 
In the Collection of the Geological Survey of Scotland. 


Position of the beds from which the foregoing species were obtained. 


The preceding five’ Carboniferous species of Dithyrocaris were 
all obtained from the shale overlying the Calderwood Cement Stone 
of the East Kilbride district, Lanarkshire. 

The Calderwood Cement Stone is worked at Calderside and East 
Kilbride, where it attains an average thickness of about ten inches. 
According to Mr. James Geikie, District Surveyor of the Geological 
Survey of Scotland, it is the equivalent of the calmy limestone over- 
lying the First Kingshaw Limestone of the Lower Carboniferous 
Limestone Group of the Carluke District. ‘The Cement Stone near 
East Kilbride is succeeded in a descending order by three limestones, 
locally known as the No. JII., IJ., and I. Calderwood Limestones, 
with their intervening and accompanying shales, certain of which 
have proved very fossiliferous, especially that between the two 
lowest, or Nos. I. and JJ. Limestones of the section. From this 
band of shale, at the foregoing and other localities of the district, 
many of the rarer Carboniferous fossils, in addition to those of more 
common occurrence, have been obtained both by the collector of the 
Geological Survey, Mr. J. Bennie, and by local collectors, especially 
Mr. A. Paton, of Hast Kilbride. Amongst these fossils may be 
mentioned six species of Foraminifera, which were kindly deter- 
mined for the Survey by Mr. H. B. Brady; they are, Endothyra 
ammonoides, Brady, MS.; E. Bowmanni, Phil.; E. globolus, Hichw. ; 
Trochammina incerta, D’Orb.; Valvulina plicata, Brady, MS.; and 
Webbina acervalis, Brady, MS.; both species of Prof. Duncan’s genus 
Paleocoryne, P. Scoticum, and P. radiatum; amongst Annelida, 
Spirorbis caperatus, McCoy, and Ortonia carbonaria, J. Young ; many 
Entomostraca and Polyzoa, including De Koninck’s recently described 
Archeopora nexilis, with many Brachiopoda, and other Mollusca. 

_ The sixth species here described, D. ? striata was obtained from the 
Lower Old Red Sandstone at Carmichael Burn, near the Manse, 
about 44 miles south-east of Lanark, in greenish-grey flaggy shale, 
by Mr. A. Macconochie, Geological Survey Collector. (Vide Sheet 
and Explanation, 23, Geological Survey, Scotland, 1878, pp. 14, 57, 
and 100.) 


1 Two of the species of Dithyrocaris were described in the First Part of this Paper, 
See Geox, Maa. 1873, Vol. X. p. 482, Pl. XVI. 
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EXPLANATION OF PLATE V. 
Fie. 1.—Dithyrocaris ovalis, W. and E., specimen having both valves preserved united 
along the mesial line. 
Fic. 2.—Dithyrocaris granulata, W. and K., the left half of the carapace only pre- 


served, 
Fic. 3. —— ditto. 
Fia. 4. —— glabra, W. and E., the left half of the carapace only preserved. 
Fie. 5. — W. and E., the right half of the carapace only pre- 


served. 
Fies. 1-5 were all obtained from the Black Carboniferous shales overlying 
the Calderwood cement-stone, EK. Kilbride, Lanarkshire. 

Fie. 6.—Dithyrocaris ? striata, W. and E., part of the left valve only preserved. 
Lower Old Red Sandstone, Carmichael Burn, 8.E. of Lanark. 

Fig. 7.—The small specimen of Dithyrocaris tricornis, Scouler, referred to in the 
former part of this paper, see Grou. Maga. 18738, Vol. X. p. 485, as 
showing ‘‘the same infolding of the lateral margins as the larger ex- 
ample displays.” (See Vol. X. Pl. XVI. Figs. 2 and 3.) 


I11.—Guactantoip on RE-ARRANGED GLACIAL DRIFT. 
By G. H. Kinanan, M.R.I.A. 


N many places in Ireland, but conspicuous in the 8.E. portion, 
there is a Glacialoid drift (that is, a drift very similar in aspect 
to some of the typical Glacial drift). This drift will be found in 
places above the shelly drifts of Wicklow and Wexford, and 
has led Prof. Harkness, F.R.S., to believe that in those counties 
there is evidence for two distinct periods of glacial drifts, one below 
and the other above the shelly drift. His classification has been 
adopted by Mr. A. Bell’ and others; still there does not appear 
to be evidence in Ireland for two distinct ages of glacial drift, 
separated by an interval, represented by sub-aqueous accumulations 
(sand, gravel, marl-clay, &c.), and the reasons for this conclusion 
will be given in this paper. 

There is reason for supposing that in Ireland since the great 
Glacial period there have been four marked changes in the level of 
the country :— 

I.—During the first, the land sank from 250 to 350 feet lower 
than at present. This we will call the Period of the 300 feet sea 
beach or the Esker sea period. 

II.—At the second the land was stationary for some time, while 
between 70 and 120 feet lower than it now is. ‘This may be called 
the Time of the 100 feet sea beach. 

ITI.—At the third there was a rest when the land was from 20 to 
30 feet lower than now. This I propose to call the Time of the 25 feet 
sea beach. 

IV.—At the fourth the land was at least 30 feet higher than it is 
now. ‘The subsequent depression by which it was brought to its 
present level appears to be still in progress in certain places. 

These changes seem to have been more or less prevalent over the 
whole country, but not always uniform, as since the Glacial period 
the drifts have been affected by faults, some of very recent date, and 


1 Paleontology of the Post-Glacial Drift of Ireland, by Alfred Bell, Grou. Mac. 
1873, Vol. X. p. 447. 
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on their downthrow sides the drift may be much lower than on the 
upthrow, on which account the ancient sea beaches are not uni- 
versally at the same elevation. 

I.—The evidence for this movement is very general throughout 
the island, as in many places below the 350 feet contour line, and in 
all places below the 250 feet contour line, the Glacial drift, whether 
Boulder-clay drift or Moraine drift, is more or less washed and 
sorted into silt, sand, gravel, or shingle. 

II.—This interval: of rest at the level specified seems proved by 
the raised beaches in places near the coast, and in valleys between 
70 and 120 feet above the level of the sea. 

I{I.—That the land was stationary at this stage is proved by raised 
beaches and old sea cliffs found at or near the present coast line ; 
while the subsidence 

IV. is evident from the sub-marine bogs off the coast and the sub- 
merged bogs and land accumulations under the muds, etc., in the 
estuaries, lagoons, salt-marshes, and elsewhere. 

The accumulations formed during the time included in Nos. I., 
II., and ILI. are very similar in aspect, and may be clays, marls, 
sands, gravels, or shingles. It does not appear improbable that if 
properly worked out they might be found to contain different suites 
of fossils; this, however, has not as yet been done, and the fossils 
collected from the different zones have all been grouped together. 
All the shelly drifts on the east and south-east of Ireland, with the 
gravels containing chalk flints on the coast of Cork, have been 
classed as one, by Prof. Harkness, while it is quite evident that 
portions of them, at the east and south-east are distinct, and belong to 
the three different periods, while all the Cork gravels containing 
chalk flints probably belong to the second or third period, as high 
up above them in the hills are the remains of the 300 feet sea beach. 

The gravels mentioned by Mr. Du Noyer on the coast of Dublin 
and Louth belong to the second or third period, probably the latter, 
while those near Howth Harbour seem to belong to the second. 

In the south-east portion of Wicklow, and in the co. Wexford, the 
marls, sands, gravels, and shingles of the time of the 100 feet 
beach in general contain fragments of shells; but as these. drifts 
are made up of the re-arranged older shelly deposits, much cannot 
be learned from them, unless it shall be proved hereafter that they 
contain fossils which do not occur in the shelly drifts of the first 

eriod. 

‘ In the central plain of Ireland the gravels of the “ Esker sea 
period,” as a rule, are devoid of fossils. These have, however, been 
found in a few places, as Dr. Oldham, F.R.S., records them at 
Finglas, co. Dublin (200 feet); Clane, co. Kildare; Naas, co. 
Kildare (380 feet) ; between Athy and Castle Comer on the slopes 
of the high Coal-measure table land; and at Roscrea, co. Tipperary 
(400 feet). Sir R. Griffith has recorded fossils in the drift at 
Tarmon Hill, co. Mayo (250 feet); and the late General Portlock 
found them in the co. Sligo at 200 feet, and in the co. Londonderry 
1 Moraine drift, called Boulder drift in my early papers on the Irish drifts. 
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up to 300 feet. I found one shell in the Esker at Maryboro’, Queen’s 
co.; while Messrs. Bryce and Hyndman have found them near 
Belfast up to a height of 150 feet. All these localities, except, 
perhaps, those of Messrs. Bryce and Hyndman, are probably in 
gravel or sands belonging to the “ Esker sea period,” and the great 
height at which some of them are found will be hereafter referred to. 
From the above it is seen that although as a general rule the “ Hsker 
sea period” gravels are without fossils, yet in some places these do 
occur; and this peculiarity may be due to the conditions under which 
the drift was formed. As in places these gravels contain fossils, and as 
they occur at an elevation very similar to that of the shelly drifts of the 
co. Wexford, it does not appear unreasonable to suppose that all were 
formed simultaneously ; and in support of this idea it should ve 
mentioned that to the south-west, and north-west, the Wexford shelly 
drift seems to graduate into unfossiliferous accumulations, while in 
both localities they seem to merge into the ‘“‘Hsker sea period” 
gravels: from the first, through the valleys of the Suir, the Nore, 
and the Barrow; and from the latter, through the valley of the 
Slaney: while in places, both on the Esker gravels of the central 
plain, and on the Wexford shelly drift, there are perched 
erratics that seem to have been dropped from icebergs. If 
this suggestion is correct, the drifts of Wexford and south-east 
Wicklow must have accumulated under conditions more favourable 
than the other “ Esker sea period” gravels to the growth and pre- 
servation of the shells now found in them.! 

It was at one time suggested that the ridges or eskers of the 
central plain of Ireland were the remains of a central gravelly 
member of the glacial drift, and that it had once been covered by a 
newer Boulder-clay. If such had been the case, it is scarcely 
possible but that in that portion of the island a part of the Upper 
Boulder-clay would have remained, to record its former existence. 
This suggestion, however, had to be abandoned, as the Officers of the 
Geological Survey in no place could find the remains of this Upper 
Boulder-clay, but, on the contrary, found that the ‘Esker sea 
period” gravels were always the highest member, whether the 
subjacent drift be the older Boulder-clay drift or the newer Moraine 
drift, the Esker-gravels stretching continuously over both. In the 
8.E. of Ireland, in the counties Wicklow and Wexford, over the 
shelly drifts is found in places a drift that sometimes contains ice- 
dressed blocks and fragments, and in places graduates into true 
glacial-drift.2 This Glacialoid (or glacial-like) drift, however, also 
graduates into, and is interstratified with, the shelly gravels, marls, 
and clays, and does not always contain the ice-dressed blocks and 


1 Sir H. James records shells at a height of 400 feet on the Forth Mountains, 
co. Wexford. There would, however, seem to be a mistake in the figures, as Mr. 
Wyley, during his survey, did not observe them, but states they are not to be found 
above 250 or 300 feet, and the drift on the higher portions of those hills is a rock 
detritus in which shells could scarcely occur. 

* On the borders of the counties Limerick and Tipperary, fringing the high land 
[Slieve Phelim], Glacialoid drift is found capping and interstratified with the Esker- 
period gravels. 
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fragments, these being more frequent where it approaches the true 
glacial drift than elsewhere, while ice-dressed blocks are also some- 
times found in the marl or clay; and, what appears to be remarkable, 
many of the blocks in these argillaceous accumulations may retain a 
good polish, while the polish on the block in the Glacialoid drift is 
more or less obliterated, as if by the attrition of sand, etc. 

The Glacialoid drift usually contains fragments of fossils, chalk, 
and flints, and shows other features characteristic of the typical shelly 
drift, often in lenticular patches of gravel; and, except in the imme- 
diate proximity to the true glacial drift, lenticular patches, layers, 
and partings of gravel, sand, marl, or clay, occur more or less 
frequently, the mass being more or less distinctly stratified. ‘This 
drift is always at about the same elevation as the shelly drifts into 

,whicb it graduates. A peculiarity of the contained blocks and 
fragments is, that in some places they all, in other places the 
majority of them, stand on edge, which seems seldom to be the case 
in typical Boulder-clay drift and rarely in Moraine drift. 

The accumulations formed during the time of the 100 feet beach, 
near the east and south-east coasts, are similar in materials to those 
of the first, and may be shingle, gravel, sand, clay, or marl. They 
always contain fragments of fossils, but many of these evidently belong 
to the older gravels, etc., from which the newer drifts were formed. 
They are found in some of the valleys running inland, and seem to be 
more or less regularly distributed at heights under 100 feet. On the 
west coast, fossils have not been recorded in them; but these de- 
posits, sometimes forming cliffs or shelves in the hill-sides, have been 
noted in places in the counties Cork, Kerry, Clare, Galway, and 
Mayo. Their limits and altitude, however, are very uncertain, on 
account of the gravels, etc., of which they are formed being similar 
to those of the ‘‘ Esker-sea period.” In the vicinity of Menlough, 
N.N.E. of the town of Galway, there is a “‘remarkable sea-beach-like 
bank.” This in one locality is a well defined shingle beach, at an 
altitude of about 80 or 90 feet; but toward the N.W. and N.E. it 
seems to graduate into gravels, those to the N.W. being traceable 
onwards up to a height of 150 feet. In most of the low valleys in 
West Galway there are well developed tidal bars between the 100 
and 120 feet contour lines. These probably mark the margin of the 
same sea-level as those at Menlough, but are at a higher level on 
account of the great Post-Glacial faults that traverse the valleys now 
occupied by Lough Corrib and its tributaries. 

The third time, one of rest, is recorded by the raised beaches of 
shelly sand and gravel found in different places close to the coast- 
line, but especially near the north-east and south-west coasts. These 
were also observed on one of the Aran Islands, Galway Bay. In other 
parts of Galway, also in Mayo, there are terraces of gravel that appear 
to have been formed at this time; while in places in the co. Clare 


1 In typical Boulder-clay drift there may be subordinate portions in which the 
blocks stand on edge. This, however, seems always to occur in places where we may 
suppose an iceberg or shore-ice was aground on the Boulder-clay drift, and shoved 
the blocks up on end. 
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and in the co. Limerick there are well-marked low cliffs that are 
supposed to be contemporaneous. In south-east Ireland, near the 
coast, gravels of this period seem not to be recorded.’ This, however, 
may be due to the great encroachment of the sea on its soft cliffs, 
which has obliterated all traces, except in the low places bordering 
the lagoons, estuaries, and inland bays. The shelly estuary gravel, 
on which a considerable portion of Dublin is built, seems to belong 
to this period. 

Previous to mentioning the submerged bogs and forests that mark 
the fourth period, it appears necessary to vindicate their real signifi- 
cance, as it has been suggested that submerged and submarine bogs 
do not prove a subsidence of the land, as they may accumulate in 
lagoons or other places below the sea-level, and afterwards be sub- 
merged by the sea breaking through the enclosing barrier, or the 
bogs may become submarine by the sand bank being moved land- 
wards. In some cases such a supposition may be correct; but in 
most cases (those of the Irish submerged and submarine bogs being 
among the number) it could not be the case, as the bogs contain 
roots, or “ corkers,”’ m sit, of such trees as the oak and pine—timber 
that would not grow except on drained ground ; besides, the trees are 
of considerable size : consequently the land must have been above the 
sea-level for a long time, while the oak and pine forest was. growing 
to maturity; while subsequently the land would seem to have begun 
to sink, and the drainage to have become defective, causing the decay of 
the forest, and afterwards marshes in which such trees. as willows 
grew, with peat producing plants succeeding. The latter state must 
also have existed for a considerable time, when we notice the thick- 
ness of the peat found in the submerged and submarine bogs, and 
know the length of time that the vegetable matter required to form 
only a few inches of solid peat, took to grow before the peat had sunk 
gradually below the level of the sea. Fresh water or brackish water 
deposits must have accumulated in sueh places, which were succeeded 
by marine deposits. Subsequently the land seems to have risen 
slightly, as in most, if not all cases where these estuary lands have 
been reclaimed, there is a greater or less thickness of the surface 
portion, highly impregnated with iron, and in general separated 
from the purer marl underneath by a stratum of shells. This highly 
ferruginous portion seems to have been deposited in shallow water, 
the iron being due to the mineral in solution having been deposited 
from the water evaporated, while, when the water was deep, all such 
solid matter would have been carried away. The oxide of iron being 
deposited when the salts of iron, such as a sulphate or carbonate, 
common in many waters, are decomposed by decayed vegetable or 
animal matter, thus forming in the marginal or shallow portions of 
Jakes, estuaries, etc. The layer or stratum of shells separating the 
two varieties of marl is evidently due to the change in the condition 
-of the water, as, when it became charged with iron, it destroyed the 
animal life. Why this should have taken place suddenly is not 


' Since the above was written, my colleague, Mr. E. T. Hardman, has drawn 
.attention to a beach of this period near Tramore, co. Waterford. 
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apparent ; but it may have been due to a sudden change in the level 
of the land, or, what seems more probable, to the formation of sand 
banks that dammed up portions of the slobs, causing the water on 
them suddenly to become brackish or even fresh. 

These sunken and submarine bogs are as yet unexplored, con- 
sequently their depth beneath the level of the sea is unknown. Peat, 
however, from 10 to 16 feet deep, has been sounded in places off the 
south and west coast, below low water of spring tides; while during the 
works carried on for the reclamation of the estuary muds of Wexford 
Harbour, peat about 5 feet thick was found under 16 feet of the mud, 
the lowest portion being 21 feet below the surface; and these muds, 
before they were reclaimed, were covered at half-tide. It may also 
be mentioned that in places off the mouth of Wexford Harbour there 
are now tidal islands in places, which in the ancient charts were 
marked as “ dangerous shoals.” 

A résumé has now been given of the movements that are known 
to have changed the level of the country, and a short description of 
the drifts and other deposits accumulated during these recent periods; 
we may therefore return to the Glacialoid drift; and as we believe it 
is not a true glacial drift, we will give suggestions as to how it may 
have been formed, illustrating these by facts that can be observed at 
the present day. 

The Glacialoid drift of south-east Ireland occurs over or interstrati- 
fied with shelly drifts, while under the latter are typical glacial 
drifts. Beginning to the northward at Killiney-hill, co. Dublin, 
there is a shelly gravel overlying a Boulder-clay. ‘The latter drift can 
be traced southward from that hill along the sea-cliff to Bray river, 
it appearing at the base of the cliff under the shelly drifts. It is 
nearly continuous all the way ; but as the drifts have been moved up 
and down by recent faults, in a few places, where it has been let 
down below the sea-level, it is hidden from view. Over this Boulder- 
clay the drift may be sand, gravel, in a few places a shingle, or marl 
or clay, often a good brick clay; and all except the last are more 
or less shelly. There is also a sandy clayey accumulation, which in 
places contains subangular or rounded blocks and fragments, some of 
which are partially ice-dressed. The latter variety only occurs in very 
subordinate quantities, and always graduates into the gravels or clays, 
generally the latter. The division between the shelly drift and the 
Boulder-clay is in general well marked, and the change from one to 
another abrupt; but in a few places it is not so, one being: a little 
southward of Shanganagh river, where near the base of the former 
there is a thin subordinate bed of Boulder-clay. Inland, in the country 
between Kingstown and Bray, similar varieties of the upper drift occur, 
with apparently the same relations to one another ; while where the 
Boulder-clay drift is exposed, they always appear to lie on it. In 

1 The Afolian drift or blowing sand has not been mentioned in connexion with 
these accumulations, as such sands may be of any age, some being as old as the later 
part of the Glacial Period, having been formed while the moraine drift was accumu- 
lating, while portions are forming at the present day. 


2 There is a section exposed in the old sea-cliff at Dunleary Harbour, east of the 
Salt-hill Hotel, in which, as seen from the railway, a Boulder-clay-like drift overlies 
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the railway cuttings north and south of Bray Head, up to a height 
of about 200 feet, there are shelly gravels interstratified with Glacialoid 
drift; portions of the latter drift being, apparently, in both places the 
uppermost member in the section. In the co. Wexford, according 
to the published geological maps, most of the country below the 250 
feet contour line is oecupied by shelly drifts; but in this area of shelly 
drift are rocky tracts or exposures of ‘‘ Rocky” and Boulder-clay drift, 
while some of the land above the 250 feet contour line is also sur- 
rounded by it. The shelly drift in general is more or less gravelly 
on the south of these exposures, and to the north margin of the area ; 
while marls and clays are found to the north of the exposures and in the 
wide open spaces. Associated with these arenaceous and argillaceous 
accumulations the Glacialoid drift occurs, but mostly with the laiter, 
dovetailed into them or graduating into them, and in places over- 
lying them. As this Glacialoid drift has previously been noticed, it 
is unnecessary here to repeat the description. 
(Zo be concluded in our next Number.). 


TV.—Descrretions or New Fossinrs rrom THE DEvonran 
Formation oF Canapa. 

By H. Auteyne Nicuotson, M.D., D.Sc., F.R.S.E. ; 
Professor of Natural History in University College, Toronto. 
(PLATE VI.) 

(Continued from page 60.) 

Genus PropuctEeita, Hall. 


“Shells having the general form of Productus, but uniformly with 
a narrow area on each valve, a foramen or callosity on the ventral 
area, small teeth, and more or less distinct teeth-sockets. The reni- 
form vascular impression, rising from between the anterior and 
posterior occlusor muscular impressions, curves gently outwards, 
and, following a curvature somewhat parallel with the margin of 
the shell. to below the middle of its length, is abruptly re-curved, 
and the extremity, turned a little backwards, terminates about half- 
way between the margin and the anterior extremity of the mesial 
septum. The cardinal process, seen from the inner side, is bilobed, 
and from the exterior side each of these divisions is usually bilobed. 

“These shells differ from Strophalosia in the extremely narrow 
linear cardinal area, greater extension of the hinge-line, more ex- 
treme arcuation or ventricosity of the vental valve in many or most 
of the species, and especially in the direction and termination of the 
reniform vascular impressions, which resemble those of Avlosteges 
and of some species of Productus. It differs from Productus in the 
constant presence of an area, hinge-teeth, and sockets.” (Hall, Pal. 
INepYs volriv. p. 153.) 

Productella is considered by Hall as a mere sub-genus of Producta; 
a considerable thickness of gravel. The base of this cliff is a huge kitchen-midden. 
Consequently it could not be examined. Therefore I cannot say if the upper portion of 


this section is typieal Boulder-clay drift, or if the underlying gravels are similar to 
the shelly gravels in the adjacent country to the south. 
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but it seems to me that the articulation of the valves by distinct 
teeth and the presence of a distinct hinge-area are quite sufficient 
characters to separate the two generically. Whether Productella can 
be kept apart from Strophalosia, King, is another matter, the chief 
characters by which the two are separated being merely questions of 
degree. In external appearance, however, the shells referred to 
Productella resemble Producta much more nearly than do those re- 
ferred to Strophalosia. 

Hall has described many species of Productella from the Devonian 
rocks of the State of New York, chiefly from the Hamilton and 
Chemung groups, but also from the Corniferous Limestone. I have 
only met with a single species of the genus in the Devonian rocks 
of Western Ontario; but this, though exceedingly abundant in the 
Corniferous Limestone of various localities, seems to be distinct from 
any recorded by Hall, and I shall therefore describe it as new. 

Proptctetta Errensts, Nicholson. Pl. VI. Fig. 10. 

Shell minute, thick, semi-oval, or nearly semi-circular, the length 
about one-fourth less than the width as a general rule. Hinge-line 
as wide or wider than the greatest width of the shell; the cardinal 
angles rounded or more commonly auriculate. 

Ventral valve exceedingly gibbous and ventricose, strongly and 
regularly arched from the beak to the front margin, but depressed 
towards the cardinal angles. Umbo obtuse, prominent, strongly 
incurved. Area very narrow and difficult to make out. 

Dorsal valve depressed convex, not gibbous, depressed towards 
the cardinal angles. When partially decorticated, it shows very dis- 
tinctly, from six to eight concentric imbricating lines of growth. 
In this condition it also exhibits a more or less defined median 
longitudinal ridge, which extends from a small elongated pit just in 
front of the umbo to the front margin—two generally stronger ridges 
diverging from the umbo on either side of the central ridge. The 
beak is scarcely prominent, whilst there is an extremely narrow 
linear area and a small cardinal process. 

The cast of the ventral valve exhibits a longitudinal slit extending 
from the beak about one-fourth or one-third of the shell, and indi- 
cating that the cavity of the beak was divided by a low mesial 
partition (“rostral septum’’). In front of this slit there is often a 
horseshoe-shaped elevation representing the cast of the pit where 
the divaricator muscles were attached; but this is not always. con- 
spicuous. On one or both sides of the mesial slit there is also 
generally a slighter and shallower grove bounding the umbo laterally, 
but the general surface of the cast is quite smooth and not pitted. 

The interior of the dorsal valve exhibits radiating lines of minute 
pits, which cover its whole surface, or are most abundant in the 
central portion of the valve, and diminish as the margin is ap- 
proached. Besides these, on either side of the middle line are two 
pairs of deep slightly curved sulci, which extend from beneath the 
beak to near the margin. Those of the innermost pair are most 
constant, and are placed close to the central line of the valve. Those 
of the outer pair are more variable, and there are often two or three 
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radiating grooves on either side in place of one. Immediately 
beneath the beak, lastly, are placed two elongated grooves, one on 
each side, which only diverge slightly from the direction of the 
hinge-line, and extend only a short way into the shell. These are 
apparently dental sockets. ' 

The surface of the ventral valve is rarely preserved, but appears 
to have been quite smooth. The surface of the dorsal valve exhibits 
faint concentric strie. No radiating striza can be made out, nor 
are there any traces of spines either on the hinge-line or upon the 
surface of either valve. 

The width of the hinge-line of the ventral valve is two lines, the 
length about a line and two-thirds, and the height about three- 
quarters of a line to a line. The dimensions of the dorsal valve are 
the same, except that the height is muclnless. Hardly any departure 
from these measurements can be observed even in a large number of 
* specimens ; but a few individuals are very slightly larger, and many 
have the proportion of the length to the width slightly less, owing to 
the greater extension of the cardinal angles. 

Amongst the numerous species of Productella described by Prof. 
Hall from the Devonian rocks of the State of New York, there are 
only P. sub-aculeata and P. Fullia which have the dorsal valve con- 
vex, all the others being concavo-convex. From these, however, as 
indeed from all the rest, P. Eriensis is distinguished by the total 
absence of spines and by the internal characters of both valves. 
There may, in fact, be some doubt as to the reference of this form to 
Productella at all, and for the positive decision of this doubt our 
materials are unfortunately insufficient; since, though I have ex- 
amined some hundreds of specimens, I have not succeeded in finding 
a single example in which the characters of the hinge-line and areas 
are satisfactorily shown. Still, the ventral valve, in its great gib- 
bosity, its extended hinge-line, and its produced and depressed ears, 
is singularly Productoid; and the presence of distinct areas on each 
valve, together with the fact that the valves are articulated by teeth 
and sockets, would remove the species from Producta, and would 
seem to warrant its reference to Productella. The muscular im- 
pressions in the ventral valve unluckily cannot be made out, and 
no help consequently can be derived from this source; whilst the 
interior of the dorsal valve is certainly unlike that of the typical 
Productelle, and in some respects approaches Leptcena. 

Productella Eriensis presents a considerable superficial resemblance 
to Spirifera lorii, Fleming; but the latter has a hinge-line shorter 
than the greatest width of the shell, rounded cardinal angles, both 
valves with mesial furrows, and a sufficiently conspicuous area. 
Our species is also very like Amboceelia umbonata, Conrad (= Orthis 
umbonata, Conrad, and O. nucleus, Hall), which is very closely 
allied to Spirifera lorii. The latter, however, is distinguished from 
P. Eriensis by its very elevated umbo, the existence of a well-marked 
mesial sinus in the ventral valve, and the presence of a comparatively 
large and high area, which extends conspicuously to the cardinal 
extremities. 
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Locality and Formation.—Very abundant in certain beds of the 
Corniferous Limestone at Port Colborne and Hagersville. 


Genus Lrtoruyncuus, Hall. 

“The shells of this genus are ovate, circular, or transverse, with 
valves unequally convex, and marked by a median sinus and fold in 
the ventral and dorsal valves respectively. The surface is plicated 
by rounded bifurcating plications, which are always more conspicuous 
on the mesial fold and sinus, whilst they often become obsolete on 
the lateral portions of the shell; concentrically marked by strong 
lines of growth. Substance of the shell fibrous, usually thin. Valves 
articulating by teeth and sockets; the apex of the ventral valve 
perforate at some period of its growth, the lower side being com- 
pleted by deltidial plates. On the interior of the ventral valve, 
two short diverging dental lamellae extend into and are joined to the 
sides or bottom of the rostral cavity ; the muscular impression occu- 
pies a narrow triangular or ovate-triangular space below the dental 
lamelle. The dorsal valve has a well-defined septum, often reach- 
ing below the middle of the valve, and divided above, leaving a 
triangular or spoon-shaped depression. The hinge-plates are narrow 
strong processes with sockets embracing the teeth of the opposite 
valve.” (Hall, Pal. N. Y. vol. iv. p. 355.) 

I am not in the position to pronounce any opinion as to the validity 
of the genus Leiorhynchus, or as to the propriety of separating it 
from Rhynchonella, to which it is certainly most closely allied. In 
the meanwhile, as Hall has described under this title several species 
from the Hamilton and Chemung formations, I shall accept the genus 
for the reception of two forms which occur in the Hamilton Group 
of Ontario, one of them being the previously recorded L. multicosta, 
Hall (= Rhynchonella ? Laura, Billings), and the other being new. 


Lrrornyncuus Huronensts, Nicholson. Pl. VI. Fig. 11. 


Shell elongate-ovate, the greatest width being from one-sixth to 
nearly one-fifth less than the length, whilst the greatest width is 
placed nearly about the middle of the shell. Ventral valve convex, 
-very gibbous in the umbonal region, abruptly curving to the sides, 
and depressed from about the middle to the front margin of the 
shell. A very broad and exceedingly shallow mesial sinus, which is 
obsolete near the beak, but occupies almost all the front margin of 
the shell, and supports about five low rounded plications. Beak of 
the ventral valve large, prominent, and incurved, apparently not 
perforated by a foramen, in close contact with the umbo of the dorsal 
valve. Dorsal valve convex, strongly curved towards the sides, its 
centre occupied by a broad mesial fold, which corresponds with the 
ventral sinus, and carries five rounded plications. Margins of the 
fold and sinus more or less distinctly interlocking. Beak of the 
dorsal valve deeply buried beneath that of the ventral valve. Surface 
marked with rounded plications, which are very obscure except upon 
the fold and sinus, and which become nearly or quite obsolete in the 
neighbourhood of the beaks. The plications are crossed with very 
fine concentric striz, and with strong and very well-marked lines of 
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growth, which become close set and imbricating towards the margin 
of the valves. 

The dimensions of a large individual are:—Length, one inch ; 
greatest width, ten lines; height, eight lines. A smaller and 
narrower individual has a length of eleven lines, a greatest width 
of eight lines, and a height of six lines. 

There is no doubt as to the entire distinctness of this species from 
Leiorhynchus multicosta, Hall, though there may perhaps be some 
question as to its reference to Leiorhynchus ; since Hall states that 
the fold and sinus in this genus never interlock, which they certainly 
do in some, if not in all, of the examples of this species. In other 
respects there is a close general resemblance between this and L. 
multicosta, especially as regards the surface-characters, and I de not 
think the two species can be generically separated. L. Huronensis 
is distinguished from L. multicosta by its much more elongated and 
contracted form, the greater convexity of the valves in the umbonal 
region, the much more prominent and strongly incurved beak of the 
ventral valve, the absence of a foramen in the adult, the much 
greater width and shallowness of the sinus and fold, and the stronger 
and more crowded lines of growth. I have not seen any example 
which exhibits the interior. 

Locality and Formation.—Shales of the Hamilton Group, Widder, 
Township of Bosanquet. (Collected by Mr. Geo. Jennings Hinde.) 


Genus Tantopora, Nicholson. 

Polyzoary calcareous, composed of a flattened linear expansion, 
which branches dichotomously, and is celluliferous on both sides. 
Hach side of the polyzoary is furnished with a strong median ridge 
or keel, which has a longitudinal direction, and separates the frond 
into two lateral halves. The cells have very prominent apertures, 
and are arranged in from three to five longitudinal rows on each 
side of the central keel; the cells of contiguous rows alternating, 
so that a series of short oblique rows of cells are produced, which 
diverge from the keel like the barbs of a feather. The margins of 
the polyzoary are usually plain and non-cellyliferous, and the cells 
are not separated by longitudinal striz or elevated ridges. No 

fenestrules are present, and the entire frond forms a continuous ex- 
- pansion, within which the cells are immersed. 

Two species of Polyzoa which agree in the above characters are 
_ not uncommon in the Hamilton Formation of Western Ontario; and 
their structure appears to me to be sufficiently distinctive to entitle 
them_to be considered as constituting a distinct genus, which I 
propose to term Teniopora, from the ribband-like form of the 
concecium. The affinities of Teniopora are clearly with Ptilodictya ; 
and though there are some important points in the structure of the 
former which I have been unable to make out, I nevertheless find 
the external characters of Tceniopora are alone sufficient to warrant 
generic distinction. -One of the chief characters of Ptilodictya is the 
presence of a striated laminar axis, separating the two celluliferous 
aspects of the polyzoary. I have not been able to establish clearly 
either the absence or presence of such an axis in Teniopora, but my 
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specimens lead me to believe that it is absent, and that there is 
instead a vertical septum traversing the short diameter of the frond, 
and prolonged on either face into a keel. Leaving this point, how- 
ever, out of the question, as uncertain, there remain the following 
differences: 1. In Ptilodictya the cells are not furnished with promi- 
nent mouths, but with depressed apertures, and these are arranged in 
rows which are separated by distinct thread-like elevated lines or 
strie. On the other hand, the cells of Teniopora have prominent 
pustuliform mouths, and they are usually not separated by any lines 
or ridges of any kind. In some examples from the Hamilton Shales 
of the State of New York, the first row of cells on either side of the 
keel has a limiting thread-like line; but I cannot detect any such 
structure in our Canadian specimens, and even the former have the 
remaining rows of cells not marked off in this way. 2. There is no 
mesial keel or elevated ridge in Pétilodictya, by which the ccencecium 
is separated into two symmetrical lateral halves. On the other hand, 
one of the most conspicuous features about Teniopora is a strong 
elevated keel on each aspect of the frond, on either side of which 
the cells are arranged in alternating lines. 3. While some species of 
Teniopora show a distinct non-celluliferous marginal zone, such as 
exists in Ptilodictya, others show no such character, and in any case, 
even when present, this zone is smooth and not striated. Upon the 
whole, therefore, whilst recognizing the general affinities of Tenio- 
pora to Ptilodictya, I think the former may safely be regarded as a 
distinct genus. The following two species of Tenispora have come 
under my notice from the Hamilton Formation of Canada. 


Tzaniopora ExiGuA, Nicholson. Pl. VI. Fig. 18. 

Polyzoary forming linear flattened expansions, which branch 
dichotomously at angles of about 60°, and at intervals of from 
one and a half to three lines. ‘The width of the frond is about 
a line or a little over, and its thickness in the centre is about one- 
third of a line, from which point it rapidly diminishes in thickness 
till the sharp-edged lateral margins are reached. Both sides of the 
coencecium carry a well-marked longitudinal carina, which occupies 
a mesial position, and on either side of which are three or four 
longitudinal rows of cells. The cells are alternately disposed in 
contiguous rows, so as to form a series of short transverse obliquely- 
ascending lines consisting each of three or four cells. The cells are 
immersed in the substance of the coencecium, and their mouths are 
circular and prominently elevated above the general surface. About 
six cells occupy the space of one line, measured longitudinally, and 
the intervals between them are equal to, or slightly greater than, 
the diameter of the cell-mouths themselves. The cells extend on 
either side of the midrib quite to the edge of the coencecium, and 
there appears to be no non-celluliferous marginal zone. 

From the following species, Teniopora exigua is distinguished by 
its much smaller width, its more frequent division, its much less 
strongly elevated midrib, and the apparent absence of any distinct 
marginal non-poriferous area. 

One specimen (Fig. 13, a, 6) exhibits at the base a small conical 
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expansion, from which the branches proceed distally, and which 
terminates proximally in a singular, and clearly natural, circular 
perforation of about one-fourth of a line in diameter. There are 
also indications that the branches of the frond were disposed bi- 
laterally or radially round this central point. It is to be re- 
gretted, however, that with the imperfect materials at my command, 
J am at present compelled to leave this and other points of interest 
in the structure of this curious form unelucidated. 

Locality and Formation.—Common in the Hamilton Group near 
Arkona, Township of Bosanquet. Also in shales of the same forma- 
tien near Canandaigua, State of New York. 

T@NIOPORA PENNIFoRMIS, Nicholson. Pl. VI. Fig. 12. 

- Polyzoary forming a linear flattened expansion, which probably 
divides dichotomously. The total width of the frond is about two 
lines, and its thickness in the middle is about two-thirds of a line, 
whence it gradually thins away to the margins. Both sides of the 
coencecium are furnished with an exceedingly strong, blunt, mesial, 
longitudinal ridge or keel, the height of which is about a fourth of 
a line, and its thickness about the same. On either side of the 
mesial keel are four rows of cells in alternating lines. The mouths 
of the cells are circular and prominent, about five or six occupying 
the space of one line measured longitudinally. Outside the rows 
of cells on either side is a plain non-celluliferous space, about one- 
third of a line in width, by which the margin is constituted. 

In most of its essential characters, Teniopora penmformis (Fig. 
12) agrees with T. exigua; but it is a much more robust form, with 
a broader and more elevated keel, and possessing a marginal non- 
celluliferous area which is apparently wanting in the latter. I have 
only fragments of the species, and am unable to state anything as to 
its general form of growth or its total dimensions. 

Locality and Formation—Hamilton group, Arkona, Township of 
Bosanquet. 

Genus Prinopictrya, Lonsdale. 

The genus Ptilodictya, Lonsd. (= Stictopora, Hall) includes a 
number of curious Polyzoa which are essentially Silurian, but which 
extend into the Devonian rock, and appear even to have survived 
into the Carboniferous period. The presence of a non-celluliferous 
striated margin is very usual, but hardly appears to be universal or 
essential; and the central laminar axis or septum, which separates 
the cells of opposite sides, is sometimes longitudinally striated, as 
well as being concentrically wrinkled. A single species of the 
genus, which I cannot identify with any previously recorded form, 
occurs plentifully in parts of the Corniferous Limestone, and, more 
rarely, in the Hamilton formation of Western Ontario. 

Prinopictya Muzext, Nicholson. Pl. VI. Fig. 14. 

Polyzoary having the form of thin, very much flattened cylindrical 
branches, which have an average width of about a line, rarely reach- 
ing a line and a half or two lines, with a thickness in the middle of 
about half a line; dividing dichotomously at angles of 50° or 60°, 
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generally at intervals of from four to six lines. No developed non- 
poriferous margins, the whole exterior surface seeming to be occupied 
by the cells. Cells tubular, curved, opening by oval mouths, ar- 
ranged in rows, which are separated by delicate thread-like lines or 
strie. About ten rows of cells in the space of one line, the cells of 
each row alternating with the next, so that the cell-mouths have a 
quincuncial arrangement. About five cell-mouths in the space of 
one line measured longitudinally, the interspaces between them 
being generally considerably longer than the long diameter of the 
cell-mouths themselves. The partition or laminar axis between the 
cells on the two sides of the polyzoary is marked with delicate longi- 
tudinal striee, which correspond with the rows of cells, together with 
obscure concentric wrinkles, the convexity of which is directed to- 
wards the apex of the frond. 

This species presents a close resemblance to P. Gilberti, Meek, 

from the Corniferous Limestone of Ohio (Geol. Survey, Ohio, 
Paleontology, vol. i. pl. xviii. fig. 1), with which I was at first 
disposed to identify it. I have, however, been compelled to sepa- 
rate it as a distinct species upon the following grounds:—l. P. 
Gilberti is stated to have eight or ten rows of cells in the space of 
two and a half lines; whereas P. Meeki has never less than ten in 
the space of one line, which would give twenty-five rows in two and 
a half lines. 2. The central laminar axis of P. Gilberti is said to be 
covered with regular arched transverse striz ; whereas that of P. 
Meeki exhibits well-defined longitudinal striz, with either no trans- 
verse strize, or with but obscure transverse wrinkles. 3. P. Gilberii, 
in common with the typical species of the genus, possesses well- 
marked striated and non-poriferous margins; but I have been 
unable to detect any traces of these in the numerous specimens 
of P. Meeki which have passed under my notice. 4. P. Gilberts 
appears, upon the whole, to be a larger and more robust species, 
sometimes attaining a width of three lines, whereas the average 
width of P. Meeki is only one line or a little over. I have, there- 
fore, thought it safest to separate P. Meeki under a distinct specific 
title, and I have named it in honour of Mr. F. B. Meek, one of the 
most distinguished paleontologists of America. 
_ In some respects, P. Meeki presents considerable resemblance to 
P. fenestrata, Hall, from the Chazy Limestone; but in the absence 
of any sufficiently detailed description of the latter species, and 
especially of accurate measurements, it is impossible to say how 
close this resemblance may really be. 

So far as at present known, P. Gilberti, Meek, and the present 
species are the only forms of the genus Ptilodictya which have 
hitherto been detected in the Devonian Formation. 

Locality and Formation.—Common in the Corniferous Limestone 
of Port Colborne. Rare in the Hamilton Formation, Arkona, Town- 
ship of Bosanquet. 

Genus CuatuRopora, Hall. 

Polyzoary composed of membranous flattened expansions, which 
either branch without anastomosis, or, more typically, divide into 
branches which inosculate at short intervals, till there is produced a 
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broad frond perforated at regular intervals by rounded or oval fenes- 
trules of considerable size. Both sides of the polyzoary carry cells ; 
but the cells which open upon one aspect are separated from those 
which open upon the outer aspect by a thin concentrically-striated 
laminar axis or membrane, precisely similar to the axis of Ptilodictya. 
In the clathrate species, the margins of the fenestree are surrounded 
by a strong striated non-celluliferous margin. 

The two most important points in the above definition, namely, 
the presence of an axis, and the non-poriferous margins of the 
fenestrae, were not recognized by Hall: but they establish a very 
close relationship between Olathropora and Ptilodietya, and they 
render it doubtful if the former can be retained apart from the latter. 
The presence of a thin laminar axis exactly similar to that of 
Ptilodictya I have determined not only in a Corniferous species of 
Clathropora, but also in C. frondosa, Hall, a Niagara Limestone 
form, and the type-species of the genus. The striated non-cellu- 
liferous margins of Péilodictya are also represented by precisely 
similar margins surrounding the fenestree both in C. frondosa, Hall, 
and C. intertexta, Nich. It would appear, therefore, that the chief 
difference between Clathropora and Ptiledictya is to be found in the 
fact that the cells of the latter are arranged in rows separated by 
distinct elevated lines, which is certainly not the case in any ex- 
amples of the former which I have seen, though the contrary is 
asserted by Hall. The mode of growth of Clathropora in itself 
clearly does not afford sufficient ground for generic distinction, and 
the more or less quadrangular form of the cell-mouths is merely 
oceasional and accidental. Upon the whole, therefore, whilst retain- 
ing the genus Clathropora in deference to such a high authority as 
Prof. Hall, I am of opinion that the forms included under it may 
safely be considered as simply reticulated Ptilodictye. 


CLATHROPORA INTERTEXTA, Nicholson. Fig. 15. 

Polyzoary forming a thin flattened expansion, composed of broad 
branches, which inosculate so closely as to leave simply oval or 
rounded fenestre perforating the frond. The width of the branches 
is from a line to a line and a half; and the fenestre are oval or 
_ circular in shape, about a line and a half or a little more in diameter, 
and placed at intervals of about a line or a line anda half. The 
margins of the fenestree are surrounded by a striated non-celluliferous 


Fie. 15.— Clathropora intertexta, Nich. a. Portion of the frond, natural size. 
b. Fragment of the same enlarged to show a portion of the central membran- 
ous axis. From the Corniferous Limestone. 
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zone. The frond is celluliferous on both sides, forming two continuous 
layers, their proximal ends or bases being placed back to back, but 
separated by a delicate calcareous membranous or laminar axis, which 
exhibits numerous close-set transverse curved strie. From six to 
ten cells oceupy the space of a line measured diagonally, whilst the 
form of the cell-mouths is oval or circular, and the cells do not 
appear to be arranged in distinct rows separated by elevated striz. 

Clathropora intertexta is very closely allied to C. frondosa, Hall, 
a beautiful and not very rare species from the Niagara Limestone. 
It is clear, however, that Hall has included two species under this 
name. One of these, comprising all the specimens which I have 
collected personally from the Niagara Limestone, is very readily 
distinguished by the exceedingly small size of the fenestrae: (see 
Pal. N.Y. vol. ii. pl. xl. B. fig. 5 b), which have a diameter of only 
about half a line, and look simply like little oval or circular per- 
forations in the membranous coencecium. The eells, also; are 
remarkably long and narrow, and about fourteen of them oecupy 
the space of one line measured transversely. There can be no 
question as to the entire distinctness of this from C. intertexia, and 
I should be disposed to consider this as the type of C. frondosa, 
Hall. The other forms included by Hall under C. frondosa resemble 
our species in their proportions and in the size of the fenestre 
(see Pal. N.Y. vol. 1. pl. xl. B. fig. 5 a); but in the absence of any 
sufficiently detailed description, it is impossible to say that they are 
absolutely identical with C. intertexta. Should this, however, by 
an actual comparison of specimens, prove to be the case, I should 
propose that the name of C. frondosa should be restricted to the 
specimens with small fenestrae and minute close-set cells ; whilst the 
name of C. intertexta should be applied to the undoubtedly distinct 
examples with large fenestrae and comparatively large cells. In 
any case, as before remarked, both of these species otf Clathropora 
might without impropriety be regarded as nothing more than re- 
ticulated Ptilodictye. 

Locality and Formation.—Corniferous Limestone, Jarvis, Township 
of Walpole. (Collected by Mr. George Jennings Hinde.) 


EXPLANATION OF PLATE VI. 


Fic. 10.—Productella Eriensis, Nich. a. Exterior of the dorsal valve, partially ex- 
foliated, enlarged. 6. Cast of the ventral valve of a rather larger example, 
enlarged. c. Interior of the dorsal valve enlarged. d. Cast of the ventral valve 
of an example with extended ears, enlarged. From the Corniferous Limestone. 

Fie. 11.—Letorhynchus Huronensis, Nich. a. Dorsal view. 6. Ventral view of the 
same. c. Side view of a larger individual, From the Hamilton Group. 

Fic. 12.—Teniopora penniformis, Nich. a. Fragment, of the natural size. 0. ‘Trans- 
verse section of the same, enlarged and partly conjectural. c. Fragment 
enlarged. d. Fragment still further enlarged, showing the central keel and 
prominent cell-mouths. From the Hamilton Formation. 

Fic. 13.—Teniopora exigua, Nich. a. Portion of the frond, natural size. 6. The 
same enlarged, the portion drawn in outline being conjectural. ¢. Portion 
of the same still further enlarged. From the Hamilton Group. 

Fig 14.—Ptilodictya Meeki, Nich. a. “Portion of the frond magnified to show the 
branching and the longitudinally striated axis. 4. A fragment enlarged still 
further to show the form and arrangement of the cells. ¢. Transverse 
section enlarged. From the Corniferous Limestone. 


(To be continued.) 
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Y.—In Repty to Mr. Scrorr’s Osservations on Mr. MAuuet’s 
Turory oF VoLcANIC ENERGY. 


By Rosert MALLET, C.E., F.R.S. 


BSERVATIONS by Mr. Scrope on the subject to which he has so long 

devoted his attention demand respectful attention, and that I should endeavour 

to assign my reasons for not agreeing with the strictures which he has made upon 
my paper, read to the Royal Society in June, 1872. 

I must disclaim the justice of Mr. Scrope’s charge that I have thrown aside “‘super- 
ciliously” the labours of all preceding geologists on the subject of Volcanic Energy. 
I have never in my life consciously treated with other than respect the well- 
directed labours, in whatever department, of any man of science. In the opening 
sketch of my paper, which reviews past speculations as to the nature and origin 
of volcanic heat, truth, above all things, demanded that I should point out the 
baselessness of many of them. In doing this, I had the unpleasant task of point- 
ing out that the speculations of geologists on this subject too often show an 
ignorance or disregard of any sound appeal to the physical and mechanical 
sciences while those of some mathematicians; equally unfounded, because the 
conditions actually existing in nature were ignored or set aside for others admitting 
of more convenient treatment, were yet passed current amongst geologists, because 
the latter either could not or would not decipher the symbols in which these un- 
founded speculations are wrapt up. 

If I have appeared to underrate the views of geologists as to the nature and 
origin of volcanic heat, it is because I believe them wholly untenable when tested 
by the light of existing science. The older notion of the chemical origin of 
volcanic heat and energy so long persevered in by Daubeny and others, in the 
face of most obvious difficulties, at last died a natural death as a result of the 
examinations to which volcanic ejecta have been submitted. That which succeeded 
it—the so-called mechanical theory, or that of a nucleus in liquid fusion beneath 
an extremely thin solid crust—has already or is soon destined to give way under the 
searching examination to which it can be now subjected by the present state of 
thermotic and more especially of thermo-dynamic science. Mr. Scrope’s own 
notions, which involve that very thin crust and liquid nucleus, as most recently 
formulated by him,* do not, I believe, materially differ from those formed and 
enunciated by him some thirty years ago. At that time nobody, not even the late 
Sir John Herschel, was enabled to test the validity of the notions current amongst 
geologists as to the origin of volcanic heat. It is always an unpleasant shock to 
admit the untenability of the views we have held and have even promulgated with 
more or less authority for many years, yet the progress of science, so far as these 
opinions may be unsound, compels us to do so, whether-we will or no ; it has already 
done so, I believe, as respects the notions still espoused by Mr. Scrope,* of an im- 
mense liquid nucleus and excessively thin solid crust, as well as the notion of subter- 
ranean fiery lakes, or a continuous liquid shell between the crust and nucleus. The 


[* Mr. Mallet, in this and other passages, certainly entirely misapprehends Mr. 
Scrope’s views, since in several papers contributed by him within the last few years 
to this MAGAZINE he has expressly called in question the theory which Mr. Mallet 
ascribes to him. For example, this is the chief purport of two papers having for 
their title ‘On the Supposed Internal Fluidity of the Earth” [see GEoL. Mac. 
1868, Vol. V. p. 537, and 1869, Vol. VI. p. 145], and again in an article ‘‘On 
the Cause of Volcanic Action” [see GEoL. Mac. 1869, Vol. VI. p. 196] he con- 
cludes his paper with these words :—‘‘ Since it has become the fashion of late 
among the writers of popular geological treatises to assume as a matter of fact, 
beyond dispute, that the substance of the globe, immediately beneath its thin 
superficial crust (and probably to its centre), is in a state of fluid fusion, and that 
the access of water from the sea above to this molten interior is the exciting cause 
of earthquakes and volcanos, I have thought it well to express my reasons for 
entertaining doubts, to say the least, as to the correctness of either hypothesis.” 
o 199.) Probably Mr. Mallet has never considered these papers. —EDIT. GEOL. 

AG.] 


128 f. Mallet-—Reply to Mr. Poulett-Scrope. 


existence of a nucleus still in liquid fusion is a purely arbitrary assumption, and Mr. 
Scrope wholly misapprehends me when he affirms that the existence of such a 
nucleus forms any necessary part of my theory. All that I postulate is, that ours is 
a cooling globe, and that therefore the interior is hotter than the exterior. I know 
nothing as to the liquidity of the interior; and in so far as its existence can be 
examined by the as yet imperfect approaches of science, I am obliged to suspend 
my judgment, if not to disbelieve in it. Again, did such an enormous nucleus in 
liquid fusion exist, coated over only by a thin solid crust of some thirty or 
sixty miles in thickness, I believe it proveable that the surface-temperature 
of our globe must be greatly in excess of what it is—indeed, that the flood of 
heat poured forth from such an incandescent nucleus through such a thin skin, 
even were the conductivity of the latter as low as that of pipe-clay, would be 
such as to roast every organized being off the present face of our earth. Yet this 
gigantic incandescent nucleus and parenchymatous surface-skin Mr. Scrope and 
the school to which he belongs must have, or their theories are impossible. Even 
with sucha thin skin, and the most rapid conceivable passage at its lower surface 
from the solid to the liquid condition, I believe it proveable that neither water could 
make its way through any channels that we are at liberty to suppose down to the 
liquid nucleus, nor liquid lava from the latter make its way up to the surface. If 
all this be so, then surely the time has come for substituting some theory that will 
better square with the facts: and such is that which I have produced. I do not at 
all expect that that theory will be accepted by many of the older school of Vulcan- 
ology, without the usual struggle with which new views widely differing from the 
old are always received by those holding preconceived and Jong-cherished opinions. 
To compare small things with great, I cannot forget that Newton’s theory of 
Gravitation received but a partial acceptance even one hundred years after its 
promulgation. My paper has been but a first ‘‘attempt,” as I have called it, to 
evolve a theory of volcanic heat and energy consistent with itself and with the 
facts in nature. In treating so vast and complex a subject, it can scarcely be but 
that future research may find numerical corrections necessary ; but I believe the 
skeleton of the theory which I have sketched will be ultimately admitted as true : 
for there is no surer test of the soundness of any theory than that it not only ex- 
plains the principal phenomena, but often throws the most unexpected light upon 
collateral ones before obscure, and with which it seemed to have no connexion ; 
and this, as I have pointed out in my paper, is the case with my theory in several 
remarkable particulars. ; 

Mr. Scrope’s objections, if not very cogent or at all conclusive in my judgment, 
are at least so numerous that I fear want of space must compel me for the 
present to leave some of them unanswered. Several of his objections appear 
to me to rest on no better basis than that of the very imperfect grasp he has 
attained of the nature of my argument, and in some instances to misconcep- 
tions as to the experimental facts and their relations referred to in my paper. 
I do, indeed, adopt Prevost’s view of mountain elevation by tangential thrusts, 
to which I have made allusion in tracing the successive stages of refrigeration 
of our planet ; but it is an error to say with Mr. Scrope (p. 29) that my theory 
is ‘‘founded upon the assumed truth” of Prevost’s views. My theory postulates 
nothing more, so far as volcanic action is concerned, than that our globe is 
still a cooling one, and subject to the known physical conditions of cooling bodies. 
It would remain equally true, whatever view might be taken as to the mode of 
elevation of mountain chains. It is a fact, however, that mountain elevation and 
existing volcanic action are but successive phases of the same play of forces. 

It seems to have escaped Mr. Scrope’s observation, that I have done more 
than to merely adopt Prevost’s views. I have, I believe, been the first to point 
out the complete succession of connected phenomena produced by contraction 
during the secular refrigeration of our globe from its condition of liquid fusion. 

It had not before been seen by any writer, so far as I know, that while the 
solidified crust is very thin, the tangential strains therein were tensile, and that, as 
the crust thickened, these were gradually reversed in direction, and became tangen- 
tial thrusts. Admit this, which is rigidly demonstrable to be true, and it then 
follows ineyitably that in the earlier epoch the wellings up of fused material from 
beneath were due to subsidences of the crust, and, as I have called it, hydrostatic, 
and cf a nature entirely distinct from existing explosive volcanic action. The 
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change of signs in the directions of the play of forces was no doubt gradual, 
and whether it took place at one or at another geological period is immaterial to 
the truth of my theory of existing volcanic action, which might remain true, 
were we to suppose that such a change of action never took place at all. 

Mr. Scrope founds an objection to my theory, ‘‘that it seeks and purports 
to find a second source of heat where one exists fully sufficient for the purpose.” 
Were I to admit with him his hypothesis of the existence of a fused and liquid 
nucleus within a few miles of the surface, his remark would be in so far true; 
but as I neither postulate nor even admit the existence of such a source of 
volcanic heat, there is no superabundant hypothesis involved in my view. The 
transfer of heat into space from our cooling globe is the primum mobile of all 
existing volcanic action. The heat lost gives rise to mechanical work at a certain 
stage in the complex train of phenomena called into play by its loss, and part of 
that work is transformed into heat, which is that of volcanic action. 

It is mere verbiage to talk of this transformation of work into heat as involving 
any second source of heat, it being derived primarily from the only source con- 
ceivable, namely, the hotter interior of our planet. When a ‘“‘billet” of iron is 
taken from the furnace and passed between the rollers, its temperature rapidly and 
visibly augments by reason of the violent distortion to which the heated mass is 
subjected. Would it be any philosophical objection to the true explanation of the 
phenomena to say that the increased heat of the bar was derived from a second 
source, and not from the furnace? If the interior be not in liquid fusion, of which 
we have no proof whatever, or being assumed in fusion if it be covered by a solid 
crust of even two or three hundred miles in thickness, then I affirm that there is 
no other conceivable way in which we can find a source of volcanic heat and 
energy, except that which I have pointed out. 

An objection is made by Mr. Scrope, that of the three ways in which heat is lost 
by our globe,—viz. by conduction, by which I presume he means radiation into 
space, by hot springs, and by volcanic vents,—I ascribe the two former to direct 
cooling, and the last to an entirely distinct and independent origin. There is here 
surely a strange confusion of ideas. The heat—which is the transformed work of 
contraction and source of volcanic action—has no distinct and independent origin ; 
itis merely one form of the actions brought into play by the loss of heat due to 
radiation into space. Again, as a matter of fact, Mr. Scrope is quite in error in 
saying that I ascribe the heat of thermal waters exclusively to hypogeal heat 
directly brought up by them. The great mass of thermal waters issue at far below 
212° Fahr., and their feeble heat in the vast majority of instances is no doubt due 
to surface-waters penetrating the earth to a small depth, and returning more or 
less heated by it; but I have nowhere denied, even suggestively, that waters are 
also evolved at the surface, heated by direct connexion with or proximity to 
volcanic vents. However heated, they are but one form of the complex phenomena 
of our cooling globe, of which the volcano is another. -Mr. Scrope seems to have 
failed to remark that my estimate of the annual heat lost by all the thermal waters 
in the world proves that their total refrigerative action is insignificant ; we may 
dismiss them from consideration as affecting my theory. 

Mr. Scrope says (p. 29), ‘* There is no difficulty in understanding how the great 
fissures in the solid crust of the globe, which are marked outwardly by active, or 
once active, volcanoes, may penetrate so far into the interior of the heated 
nucleus as to give vent to an amount of heat sufficient to fuse the rocks through 
which they pass, and to some of the already fused or viscid underlying matter.” 
To me there is every difficulty. Assuming a liquid nucleus, of which there is no 
proof whatever, covered by a solid crust of some hundreds of miles in thickness, it is, 
I believe, demonstrable that no open fissures could penetrate through such a crust; 
and if they did, the liquid matter could not reach the surface through them. Can I 
rightly understand Mr. Scrope to say that his open fissures would pass up heat from 
the nucleus better than the solid rock forming their walls? If so, this seems to repeat 
the error as to the heat-wave of some of the earlier writers on earthquakes, who 
imagined that the wave of shock passed more readily through cavernous fissures in 
the earth than through its solid mass. If this be the insecure basis upon which Mr. 
Scrope has founded the solution—to which he refers—of the great inequalities in 
the increments of hypogeal heat nearly everywhere observable, —viz. its lateral 
transfer when stopped by badly conducting strata to such open fissures ;—or even if 
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we assume his fissures full of water, with a copious surface supply,—then would his 
solution signally fail to account even for such differences of mcrements as can be 
traced to the differences in conductivity alone. But Hopkins, in one of the most 
valuable of his papers, has shown that there are differences of increment not trace- 
able to conductivity alone, and for which he was unable to offer any explanation. 
Facts also have been observed since his time which cannot be accounted for upon 
Mr. Scrope’s notions : such as a continued increment, and then a decrement of 
hypogeal temperature, again becoming an increment, in the very same shaft ; two 
shafts, alike as to wetness, not far apart, in the very same formation, extending to a 
vast depth below, and extending for miles all around, and yet showing great dis- 
parity of increment ; two shafts not far apart, in different rocks, extending far 
around in every direction, but in the line joining them, and yet with differences of 
increment the very reverse of those due to conductivity alone. For these and other 
like cases Mr. Scrope’s views, even if physically well founded, would offer no 
solution whatever. It is, however, as I have already briefly remarked, one of the 
striking confirmations of the truth in nature of my theory that it does, as a 
collateral consequence, offer a complete and consistent solution of this previously 
unsolved puzzle—viz. the immense inequalities in hypogeal increments. 

I have shown in my paper (Phil. Trans. part 1. vol. for 1873, p. 168, par. 
69 to 75) that these inequalities are due to the different amounts of work expended 
in the horizontal compression of strata, varying in compressibility or resistance 
when transformed partially into heat ; work which is now going on more or less 
within every part of the superficial crust of our globe. The heat thus produced 
may in places be so slight as scarcely to affect the thermometer ; while at others, 
as my theory declares, it may rise to the highest temperature of volcanic action. 
The source to which I attribute volcanic heat and energy is not a mere local 
phenomenon existing alone along the lines of volcanic vents, but is a great cos- 
mical condition pervading every part of the thick and solid crust of our globe, and 
varied only in degree at one place or at another, dependent upon the amount of 
work expended at any point, and transformed into heat in the unit of time. 

Mr. Scrope suspects that I have but an imperfect acquaintance with the phe- 
nomena of volcanoes in eruption, and then proceeds to say, ‘‘or he would not 
speak as he does of the expenditure of heat in the explosions of steam from a 
volcano in eruption as ‘not resembling that which takes place in a steam engine, 
but rather that of powder exploded in a cannon, the loss from which is shown to 
be much smaller.’ The contrary is really the case ; the explosions from a volcano 
in activity resembling precisely in character (and apparently in cause) those of a 
Perkins steam-cannon fed by a continuous escape of steam from a boiler.” Mr. 
Scrope has here made a giant of his own, founded upon an almost ludicrous 
mistake as to my meaning. I have not said one word in any part of my paper, or 
in paragraphs 189-190, about the resemblances to either steam engine or cannon 
of the explosive efforts seen at voleanic vents in eruption. I am, in the passage 
quoted, referring simply to the amount of waste of heat that should be allowed for 
as most probable in estimating the total amount of heat annually expended to 
produce the existing volcanic phenomena of our globe. The waste of heat due to 
lifting action in eruptions by steam blown off uselessly is, no doubt, as Mr. Scrope 
says, immense ; and I have made an immense allowance for it by assuming that 
every three units of heat thus expended only do the lifting work of one. I have, 
as I conceive, made a most ample allowance in my estimate of the annual heat 
required for existing volcanic action, for that which is usefully consumed or wasted 
in the three great operations of melting the solid ejecta, vaporising the gaseous 
ones, and lifting the whole to the height ejected. But whether my figures be ac- 
cepted as exact or not, I have also shown that the heat annually lost by radiation 
from our globe (which, as Mr. Scrope calls it, is the primum mobile) is so vastly in 
excess of that which is demanded to account for all existing volcanic action, that 
Mr. Scrope may, if he pleases, increase by some hundreds of times the expenditure 
I have assigned, without the result affecting the validity of my argument. 

As to Mr. Scrope’s suspicion that I have but an imperfect acquaintance with the 
natural phenomena of active volcanoes, my own field of personal observation has been, 
I believe, not very far from co-extensive with his own; but besides my own personal 
observations, which have neither been few nor unsystematic, I have made diligent 
use of the eyes and observations of others, and readily acknowledge the debt I owe 
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in this respect to Mr. Scrope himself, over whom I have possessed this advantage, 
whatever it may be worth, that my volcanic travels have been made not before, 
but since, the state of thermotic science and of other branches of physics has 
enabled measure and quantity to be applied to such phenomena. It is not 
upon the vastness of field of observation, but by the combined ‘‘eye-sight 
and insight” with which chosen portions of it may be regarded that the interpretation 
of natural phenomena depends. Von Buch and’ Humboldt afford us a remark- 
able illustration of this, Both possessed almost unrivalled opportunities.of volcanic 
obsenvation, yet to neither, so far as I am aware, do.we owe a single important 
advance in, volcanic theory. 

I have nowhere denied, as. Mr. Scrope-assumes, that the preponderant portion of 
the ejecta, constituting volcanic cones has been at some time or other ina state of 
fusion. What I have affirmed, and taken as part of the basis.of my estimate, is, that 
in any one erupiion; and upon the average of all known volcanoes, not more than 
one-twentieth of the matter ejected is af that time reduced to the condition of 
liquid fusion, the rest being merely more or less. highly heated; but not tothe fusing 
point. I believea majority of those who have best examined the subject wili agree 
with me:in this. 

Mr. Scrope also objects. that I have not taken: into.account ‘‘the dust carried 
away by the winds or waves, and scattered over thousands.of square miles of the 
surrounding areas.” But this. again is not-so. I have included all dust and 
fragmentary matter in. the. nineteen-twentieths of ejecta heated to below fusing 
point, and I believe most amply allowed for its mass. The. mass of dust 
carried to any considerable. distance by the wind is relatively very small, 
and of that carried away at present by sea-currents. we know simply nothing. 
Were I to admit Mr. Scrope’s objections here as valid, and add as. largely to 
the heat expended in each eruption as he could show any reasonable ground 
for, the increased, numerical result would not in the least degree invalidate the 
argument of my paper, in. which I have proved that the total amount of heat 
annually carried off from our globe by existing volcanic action cannot by any 
possibility exceed’ the 4, part of the total heat annually dissipated from our globe. 
I may extend this remark to nearly the whole of Mr. Scrope’s objections in other 
directions, which merely cavil with my numerical data, without supplying any 
better or more: exact ones, and which in any event do not affect my argument, or 
the theory deduced from it. I must pass. almost without notice Mr. Scrope’s 
energetic denials of my view, that on the whole the most ancient volcanic activity 
observable on our globe’s surface was hydrostatic, and not: explosive in its character, 
as at present. Some of his objections. rest on mere misconceptions. of my views, 
and all are asserted rather than proved ; and whatever view be taken as respects 
this, does. not affect the validity of my theory. The ‘‘unauthorized notion of the 
existence of vast masses of ‘dust’ beneath the earth’s crust,” which Mr. Scrope 
attributes to me, and which, he says, ‘‘ pervades much of my theoretical view of 
the cause of ‘hypogeal disturbances,’”’ has no existence but in his own imagina- 
tion. I have nowhere even suggested the existence: of any such masses save in 
proximity to volcanic foci and vents, and from which; it is the province of the 
volcano to dislodge them. 

The most sweeping objections to. my views urged by Mr. Scrope are to be 
found at pp. 31, 32, commencing with the words. ‘‘ But the data for forming any 
opinion,” etc. The remarks here made by Mr. Scrope arise from a radical 
misconception of the nature of my argument, the very basis of which he does 
not seem to discern. Observations, long continued at Paris and Edinburgh, 
prove that the annual loss of heat from, our globe at present is equal to that 
necessary to melt 777 cubic miles of ice at zero to water at the same temperature. 
It is a result as well assured as most physical data dependent on continued obser- 
vations, and sanctioned by the authority of such men as. W. Thomson, the late 
J. D. Forbes, Elie de Beaumont, etc.; it is certainly not above the truth, but may 
probably be considerably de/ow it. Having ascertained experimentally the units of 
heat evolved from the unit of volume of mean rock crushed,—that is, the mean of 
the various rocks of the whole series of formations, —I am enabled to determine how 
many cubic miles of such mean rock, if crushed, would evolve as much heat as that 
annually lost by our globe. So far, the numerical data by which I have tested my 
theory do not admit of dispute. The theory itself—viz. that volcanic heat and 
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energy are due to the mechanical work and its transformation into heat incident 
to the cooling of our globe—stands firm, and is wholly independent of these 
numerical data. But to test the credibility of my theory, I bring it into contact 
with these numerical data; and it is only necessary to show that, making an ample 
estimate of the amount of heat demanded by the volcanic action annually expended 
upon our globe, its total amount does not exceed that due to the total heat annually 
lost by radiation, or in any other way, measured in terms of melted ice or its 
equivalent in crushed mean rock. If the annual volcanic heat were equal to or 
exceeded the total heat annually lost by our globe, then the theory could not be 
true; but if, as I have shown, the total annual heat of volcanic action be but a minute 
fraction (;45) of the total annually lost by radiation from our globe, then a strong 
corroboration 1s afforded to the credibility of the theory itself, which really rests 
upon the indisputable fact that crushing and its physical consequences must take 
place in the outer portions of a cooling globe such as ours. It is therefore mere 
waste of time to cavil with the numerical data upon which I have based my 
estimates of the heat annually expended in volcanic energy, unless it can be shown 
that these are numerically deficient and require correction, not by adding to them 
to the extent of two or three fold, but to that of fifteen hundred fold or more. 
No one will affirm that my estimates, which are in several respects ridiculously 
ample and beyond all probable truth, are in error of deficiency to the above 
enormous extent; and if not, my argument remains untouched. 

Mr. Scrope also objects to the validity of my experimental results as to the heat 
evolved by crushing rock specimens, as applied to our subject, in a way which I 
cannot avoid saying betrays much want of clearness as to the physical conditions 
involved. He says, ‘‘ These crushing experiments being made upon small cubical 
blocks in a dry state, at the temperature of 57°, and subject on four of their 
sides to no other resistance than that of the atmosphere, are wholly inconclusive 
as to the effect-of pressure on similar rocks miles under ground, permeated with 
water, at temperatures probably far exceeding 1000", and in contact on all sides 
with resisting media at least as unyielding as themselves. How is it Mr. 
Scrope does not see that if a cube of rock, crushed by pressure on two oppo- 
site faces, the other four sides being in free air, requires a certain amount 
of work, it will require more work in proportion when these four sides are sup- 
ported by other material, and that if there be more work thus expended, there 
must be more heat produced by its transformation? Now the store of crushing 
power in our globe is practically limitless, exceeding, as I have proved, the resist- 
ance to crushing of the most resistant rocks known to us by nearly five hundred fold. 
This objection therefore, rightly interpreted, is an @ fortzor2 argument in favour of 
my results. But then my crushed cubes were dry. They were not dryer than 
rock not watersoaked usually is. What does Mr. Scrope £xow of the wetness or dry- 
ness as to imbibed moisture, or even as to the very nature of any rock at even thirty 
miles, not to say a hundred miles or more in depth? They are certainly not likely 
to be generally watersoaked, or even capable of imbibing water ; and if they were 
so, can Mr. Scrope prove that they would necessarily require less work to crush 
them? But my experiments were conducted at the temperature of the atmosphere 
only. Is Mr. Scrope prepared to prove that rocks heated to 1000° necessarily 
require less work to crush them than at 57°? It is certain that fire-brick, which is 
an artificial clay porphyry or a sandstone, millstone grits, and many granitic rocks, 
and generally most neutral and basic silicates, offer about as much resistance to 
crushing at temperatures of 1000° or even more, in fact up to within a few degrees 
of their fusing points, as at ordinary temperatures. This is a fact illustrated every 
day in the construction and use of our blast and other furnaces, and in the well- 
known results of conflagration upon the materials of our architectural structures. 
As to the further objection urged, that I have paid no regard in these experiments 
to the effects of great pressure in raising or lowering the fusing point of rocks 
exposed to it, I have not left that quite disregarded in my paper, and I feel that it 
would be superfluous to seriously discuss the objection. The limits within which 
the fusing temperature of rocks can be raised or lowered by differences of pressure 
only are unquestionavly extremely small, so small that I believe the results cannot 
possibly play any important or leading part in geologic phenomena. The fact of 
such differences existing at all is far from certain ; it has merely been analogically 
inferred from a few experiments on spermacetti and wax, etc., and on ice, all, 
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except the last, of little certainty. The limits of difference have never been 
even analogically assigned by any physicist, and they are certainly smaller as the 
rigidity is greater and the fusing temperature of the body is higher. The 
notion was seized upon by Hopkins, with but little examination, as offering some 
feeble support to his wild hypothesis of subterranean lava lakes. 

Mr. Scrope thinks that my theory ‘‘ fails to account for the fact that volcanic 
eruptions are almost wholly confined to certain lines or bands traversing the earth’s 
surface,” which, he goes on to say, ‘‘indicate the existence through long geologic 
ages of great rents in the solid crust, the direction of which is generally parallel 
to the coast outlines of the continents or the axes of their mountain ranges.” (p. 32.) 
My theory, as pointed out in my paper, does adequately account for the arrange- 
ment of volcanoes such as we find them, because it is along these bands that we 
can see must have existed the lines of least resistance to crushing after the moun- 
tain elevatory work had been done. Let me ask, on the other hand, what rational 
solution of the observed arrangement of the volcanic and accompanying 
seismic bands on our globe, which are not always coast-lines, but often cross the 
seas and oceans, is afforded by either the old, and as I regard it exploded, notion 
of a universal ocean of molten lava beneath an excessively thin crust, or by 
Hopkins’s hypothesis of fiery lakes scattered within a solid and very thick crust ? 
If we had the universal ocean of molten lava within thirty or sixty miles of the 
surface, why should it confine its visits to the latter to any linear arrangement ? 
Why should not the greater number of volcanoes be found about the tropics, where, 
upon any theory of cooling of our globe, the crust, no matter how thick, must be 
the thinnest ? And why should we have any volcanoes at all about the neighbour- 
hood of the Poles? Or, again, why should Mr. Hopkins’s fiery lakes be arranged in 
lines, or in any other way, unless scattered far semé over land and sea bottom? It is 
absurd to discuss the possibility of existence of the deep open fissures.imagined by Mr. 
Serope along coast-lines or anywhere else in our globe, after what the Rev. O. 
Fisher and I have proved as to the enormous tangential pressures existing in the 
earth’s crust, which must crush into contact the walls of all such fissures with a 
force nearly 500 times greater than the resistance of solid yranite or porphyry. 

Mr. Scrope remarks that I ‘‘ follow those geologists, Lyell, etc., who consider 
eruptions to be occasioned by the influx of water from seas or lakes above through 
fissures into foci of heated lava below. And that I reject as wholly untenable 
the notion that water could have originally existed in molecular combination with 
the crystalline matter of the rocks before they were meited into lava.” Surface 
water must in some way reach volcanic foci to account for the phenomena observed 
at volcanic vents, and the theory held by Mr. Scrope, whether originating with 
him or not, and by a few other geologists, that the water from which the steam 
issuing from volcanic vents is formed has been derived from water either chemically 
combined or vesicularly contained in the rocks from which the lava has. been 
formed, is ‘wholly untenable. It follows, therefore,-that Mr. Scrope’s favourite 
notion that the expulsion of volcanic ejecta is due to the expansion by heat of such 
combined or vesicular water, and that the lava rises in and is expelled from the 
vent by what he calls its “ intumescence,” by a process which he has himself 
likened to the frothing forth of a bottle of champagne, is utterly untenable, 
being inconsistent alike with the phenomena and with the physical laws upon 
which it is supposed:to be founded. If Mr. Scrope will recur to paragraphs 210 
to 218 inclusive of my paper, I think he will see that he has overlooked much 
that I have there said, and in part (no doubt unintentionally) represented the very 
opposite of my meaning. So far from admitting that there is no limitation to the 
depth to which water may percolate, I distinctly state that ‘‘ it is only to such 
depth as water can percolate or infiltrate by capillarity that the deepest focus 
of volcanic activity can be found.” (par. 211.) Nor, of course, do I deny that 
rocky masses may be fused in contact with water at a sufficient temperature 
and pressure. But I do deny that such water can be the source from which the 
steam of volcanic eruptions is derived. 

I can but glance at the objections to Mr. Scrope’s view. -To treat it thoroughly 
would require a whole part of this JOURNAL or more. What does any geologist 
know of the rock thirty or sixty miles deep? That it is hydrated or hydro- 
ferrous at these or much greater depths, not to say that the still deeper molten 
rock of the nucleus is so, is a mere assumption. But let us admit that it all, 
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at whatever depth, holds as much water as the most highly hydrous igneous 
rocks known at our surface,—that is, at a maximum about two, and on the 
average less than one per cent. by weight. Has Mr. Scrope -ever calculated 
what supply of steam for elevation and waste this would afford him from a 
column of his liquefied hydrous rock of, say, a mile square, and sixty miles in depth? 
The pressure at the base of such a column ofthe density of granite would be more 
than 20,000 atmospheres. tas Mr. Scrope ever considered what amount of ex- 
pansion his vesicular water could undergo under such a pressure and.at a tempe- 
rature equal to that of melted lava, or, if he likes, much higher? Has-he considered 
the bearing on this of Dr. Andrew’s late researches upon the expansion of liquids 
at great pressures and temperatures, and of the temperature at which it is probable 
from these ‘the critical point” for water is reached, or the-effect upon the tem- 
perature of the column of the steam bubbles expanding in proportion ‘to their 
distance from the base? Suppose these and other formidable physical difficulties 
removed, and ‘that such a column could be jifted by the machinery assigned, the 
expansion of the evolved ‘steam is at every point in the height of the column, 
whose temperature we may even grant to be constant throughout, proportionate to 
its depth in the column; it is, as we have suppesed, 20,006 atmospheres at the base, 
and one atmosphere at the tep of the column. Once this equilibrium is ebtained, 
even slow frothing ever or overflow of the column at the surface, much less 
reiterated spirting and ejection, is impossible. Any analogy to the champagne 
bottle is merely delusive. But again, how can we account on such a mechanism 
for that pulsatory ejective action which characterizes all volcanic eruption ?—for 
these roaring blasts ef steam, recurrent at uncertain intervals, which Mr. Scrope 
himself thas so well referred to, in the preceding part of his remarks, as resembling 
the volley discharged from a Perkins steam-gun ? 

If Mr. Scrope will recur to the par. 210 to 218 of my paper, he will find 
that I do not reject any of the causes usually assigned for the irregularity, inter- 
mittence, recuperation, change of position, etc., observed at volcanic vents ; 
but I say that to account for these phenomena something more is wanted. 
We must have some adequate cause for variation of the volcanic energy itself 
at its focus. Those requisite conditions my ‘theory supplies ; but it is wanting 
to the older notion; for whether the source of energy be derived from a 
universal subterranean ecean of molten rock, or from Hopkins’s fiery lakes, that 
energy must be constant, subject only to an insensible secular decay. I do, 
indeed, say that it is but a partial view to affirm that volcanic eruptions can act 
as safety-valves to prevent earthquakes; though it is needless I should occupy space 
here by showing my grounds for that opinion. Mr. Scrope, however, wholly 
mistakes my meaning when he goes on to say (page 34): ‘“‘ Yet he himself argues 
that his crushing mechanism for producing the heat at intervals, which gives rise 
to volcanic eruptions, obviates the occurrence of paroxysmal ‘Cataclysms’ which 
would probably destroy all living things upon the globe’s surface. And what can 
be meant in this connexion by ‘Cataclysms’ but earthquakes of tremendous 
violence?” What I do mean is made perfectly clear by the paragraph of my 
paper, 221, which I commend to Mr. Scrope’s re-perusal. Were there not 
the self-adjusting mechanism by which the volcanic energy produced is just 
sufficient at very short intervals to remove a proportionate amount of material 
to enable our earth’s crust ito subside, ‘but that such subsidence should be delayed 
for long intervals, then at last the crust would become to such an extent un- 
supported as to produce net only earthquakes, but such tremendous crushing 
together and rending as must suddenly destroy the terrestrial regimen upon which 
the existence of all organized life depends. 

Mr. Scrope concludes by saying, ‘‘Qn the whole I admit the plausibility 
of Mr. Mallet’s suggestion that some local development of heat must attend 
the crushing and squeezing of rocky matter during the internal movements to 
which their fractures and contortions, as well as the slaty cleavage of many, 
prove them to have been subjected.” This is cloudily expressed; but if Mr. 
Scrope means, as he must be understood to do, that these crushings are still 
going on, then I am content to accept his admission, though expressed with a 
minimum amount of approbation, because it in effect admits my entire theory. 
All the objections in his remarks, numerous as they are, are mere questions of 
“‘how much”; they are, in fact, mere cavillings with the numerical data upon 
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which I have sought to test the validity of my theory. The theory is nowhere 
impugned by him. My ‘‘estimates” of the annual expenditure of volcanic 
energy do not profess to greater exactness than the imperfect state of our topo- 
graphical knowledge and the state of science will admit. They will be subject, 
no doubt, to future correction, though I am sure without endangering the theory 
itself which they illustrate. I cannot but remark that while Mr. Scrope has 
objected to my numerical data, he has not in a single instance supplied in numbers 
any betters ones, which, as it seems to me, every scientific objector is bound to do. 
Mr. Scrope ends by declaring that he ‘‘ prefers” his own old notions to my new 
ones. That is natural; but we must all yield in the end to the progress of truth, 
and to this I am sure Mr. Scrope, whose truth love and candour I know from 
personal intercourse, will, I hope, live to prove no exception. 
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MINERALOGY. 
J.—MinerranocicaL OBSERVATIONS ON BrocHantTiTE. Mineralogische 
Beobachtungen: V. Von Dr. Albrecht Scuraur.  Sitzungsb. 
d. k: Akad. d. Wissensch.: Math.-Naturwiss. Classe.  1xvii., 
1873. pp. 275-860. 
HIS Paper, which forms the fifth of a series of communications 
presented by Dr. Schrauf tu the Vienna Academy, is devoted, 
for the most part, to a discussion of the crystallography of Brochan- 
tite. Several minerals, differing from one another both chemically 
and morphologically, have hitherto been grouped together under 
this specific name; and, although our knowledge of many of these 
varieties is still imperfect, yet the author feels justified in referring 
them to four distinct types, namely:—(1). The Brochantite of 
Rézbinya in Hungary, of which two varieties (a and b) are re- 
cognized ; and some of the Cornish and Russian Brochantites. (2). 
The Waringtonite of Cornwall, and:a third variety (c) from Rézbanya. 
(3). The Brochantite of Nischne-Tagilsk, in Siberia. (4). The Konigin 
of Russia, and a fourth variety (d) from Rézbanya. 

Dr. Schrauf points out the relation between the crystalline forms 
of Brochantite and those of Malachite. Just as Malachite was 
originally described as prismatic and subsequently determined to be 
monoclinic, so it appears that careful measurements of Brochantite 
tend to remove it from the prismatic system. ‘The author believes 
that some varieties of Brochantite are monoclinic and others triclinic. 

In addition to the crystallographic details, the paper includes a 
comparative review of the paragenetic and chemical relations of 
the Brochantite group of minerals. 

Two folding-plates of crystalline forms and projections accompany 
the memoir. F. W. BR. 


I].—Tue Fisrous Quartz oF THE Capr, A PsEUDOMORPH AFTER 
Kroxypours. Der Faserquarz vom Cap, eine Pseudomorphose 
nach Krokydolith. Von Herrn Dr. F. Wize. Leonhard u. 
Geinitz’s N. Jahrb. f. Mineralogie u.s.w. 1873, Heft iv. 
pp. 367-880. 

T is a curious fact that whilst quartz so commonly occurs crystal- 
lized, it has rarely been observed in distinctly fibrous forms. 
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The best-known example is that of the so-called fibrous quartz of 
South Africa. The object, however, of the present paper is to show 
that this substance is not an original form of quartz, but is merely 
a product of pseudomorphism, in which the fibrous structure of 
a pre-existing mineral has been retained. 

Dr. Wibel has examined two varieties of this African mineral— 
the one brown, and the other blue. The brown variety occurs in 
the form of bands in a highly siliceous brown ironstone. Analysis 
of the fibrous mineral showed that it contains—silica, 57-46; ferric 
oxide, 87°56; water, 5-15. Treated with hydrochloric acid, the iron 
is removed, and a white fibrous siliceous material is obtained. 
Hence the author concludes that the brown mineral consists of a 
mixture of white quartz and ferric hydrate in the form of Gothite 
(Fe,0;°H,0). 

Analysis of the blue variety yielded the following results :— 
silica, 97-27; ferrous oxide, 1:67; lime, 0°15; soda, not determined ; 
water, 0:76. ‘The author is led to regard this variety as a mixture 
of white quartz with blue krokydolite. He believes that both 
varieties are pseudomorphs after asbestiform krokydolite; the brown 
being the product of a perfect and slow alteration, the blue that 
of an imperfect and rapid alteration. 

Since writing his paper, the author has had an opportunity of 
studying microscopic sections of both varieties of pseudomorphous 
quartz; and he states, in an appendix, that these observations entirely 
agree with the conclusions which he had previously expressed. 


W. Rh. 


PETROLOGY. 


JJJ.—Nortes on tHE Basatt anD HypRoTACHYLYTE OF THE ROSSBERG, 
NEAR Darmstapt. Notiz tiber den Basalt und Hydrotachylyt 
des Rossberges bei Darmstadt. Von Hern Dr. Th. Petersen. 
Leonhard u. Geinitz’s N. Jahrb. f. Mineralogie, u.s.w. 1873. 
Heft iv. pp. 385-390. 


HE following minerals have been detected as constituents of the 
Rossberg basalt, namely—augite, olivine, nepheline, titan- 
iferous magnetite, apatite, a plagioclastic felspar, leucite, mica, 
melilite, and hauyne or nosean. As products of decomposition, the 
basalt yields osteolite and certain zeolitic minerals. The osteolite, 
which has recently been worked commercially, occurs in white 
veins running through the decomposing rock. A specimen of this 
osteolite, dried at 100°C., yielded 34:7 per cent. of phosphoric acid 
(P, O;), corresponding to 75:7 per cent. of calcium orthophosphate. 
The substance described some time ago by Dr. Petersen under the 
name of Hydrotachylyte, is found in certain parts of the Rossberg 
basalt. A peculiar vitreous variety of tachylyte also occurred as a 
pellucid bottle-green obsidian-like mass, inclosed in the rock. Dr. 
Petersen publishes his analyses of both these substances, and com- 
pares their composition with that of true tachylytes from other 
localities. 
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These analyses may be usefully reproduced. 
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I. Tachylyte; Bobenhausen; by Mohl. Spec. grav. 2°686. 
II. Tachylyte; Sababurg; by Mohl. Spec. grav. 2°757. 
III. Tachylyte; Siisebiihl; by Schnederman. Spec. grav. 2°578. 
IV. Tachylytic Glass (tachylytisches Glas); Rossberg; by Petersen. 
Spec. gray. 2°524. 
V. Hydrotachylyte; Rossberg; by Petersen. Spec. grav. 2°180. 


' IV.—Brier Azsrracts ror 1873. 

Treeay, Capt. William. Some Remarks on Crossbranches and 
Crossheads; being an Inquiry into their Effect on Mineral 
Lodes. Rep. Miners’ Assoc. Cornwall and Devon for 1872-8, 
pp. 07-61. 


By crossbranches are meant small local branches, sometimes only 
extending the breadth of the lode they traverse. The details of 
some of these are considered, and it is concluded that in many cases 
they have a beneficial effect on the lodes, when they are filled with 
carbonate of lime; whilst when they are hollow or filled with quartz, 
the lodes are less productive. 


Cottins, J. H. (1). Note on the Rocks and Goonbarrow Mines, 
near St. Austell. (2). Note on the Evidences of Vertical 
Movement in the Lodes of Cornwall. (38). Note on the 
Iron Deposits at Smallacombe, in Devonshire. Rep. Miners’ 
Assoc. Cornwall and Devon for 1872-8, pp. 66-71. 


(1). The mines are worked for tin and iron. There is a large 
open work in a hill of granite (the felspar of which is in parts de- 
composed, forming china-clay), crossed by tin-lodes. A plan and 
section are given. The hard schorlaceous bands in the granite give 
evidence of pseudomorphism on a large scale, and are more like 
veins of segregation than true fissure veins. In the lodes crystals 
of felspar have been replaced by quartz, schorl, and cassiterite. 


(2). A tin-lode at East Rocks Mine, near St. Austell, is inferred 
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to be in a line of fault, along which there has been movement at 
a comparatively recent period, since the deposition of some fathoms 
of the superficial deposit. 


(3). The estate consists of Killas traversed by diorite (much de- 
composed at top). ‘The ores are limonite and magnetite, the former 
in irregular layers of nodules in a thick mass of sands and clays; 
the latter as beds of variable thickness in the greenstone. The 
hematite is being worked in an open quarry. 


Titty, Henry. Particulars of a Thermal Spring at Wheal Seton 
Mine, in the Parish of Camborne. Rep. Miners’ Assoc. Corn- 
wall and Devon for 1872-3, pp. 538-56. 


The spring is about 140 fathoms below the surface, and dis- 
charges 30 gallons a minute, at a temperature of 94° Fahr. The 
water is moderately clear, but brackish. Analyses are given, from 
which it is seen that a gallon of the water contains as much as 1072 
grains of solid matter. 


Couuins, J. H. On the Mining District of Cornwall and West 
Devon. Proc. Inst. Mechan. Eng. (Birmingham) for 1878, 
pp- 89-118. 15 Plates (Map, Plans, and Sections). 


The geological structure of the district is first described. The 
fundamental rock is granite, upon the flanks of the masses of which 
rests the Killas or slate- rock, which is of variable composition, but 
generally more crystalline near the granite. The mineral lodes are 
next noticed: they are most numerous near the junction of granite 
and slate, especially those of tin and copper, whilst those of lead 
and iron are often found far off the junction. The different veins 
are true fissure-veins, often in lines of faults, and they are very 
often displaced by faulting: their mean directions vary in different 
parts. Both granite and slate are traversed by intrusive igneous 
rocks, the elvan dykes occurring chiefly near, and the diorites further 
off, the granite. The diorites sometimes seem to improve the ore, 
but sometimes not, whilst the elvans are often very beneficial: the 
majority of the latter have a general east and west direction, and 
some have been traced for 12 miles. The method of working the 
tin and copper mines is then described, and the iron ores and china 
clay are noticed. 

1874. 


Met1o, Rev. J. M. The Midland Coal Field. Pp. 1385-140 of “the 
Derbyshire Red Book,” with Map and Section. 8vo. Derby. 


The author notices the probable former continuity of some coal- 
fields, which have since been separated, through upheaval and de- 
nudation ; describes the extent of the Midland Coal-field (half of 
which is concealed by overlying beds); notes the estimates that 
have been made of its probable underground extension eastward ; 
and gives an account of the Derbyshire Coal-measures and of their 
associated bands of ironstone, with a vertical section of the beds. 


W. W. 
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GxoLocican Socrery or Lonpon.—I.—January 21, 1874.—Prof. P. 
Martin Duncan, F.R.S., Vice-President, in the Chair.—The following 
communications were read :— 

1. Extract of a Despatch from Mr. Williams, H.M.’s Consul at 
Samoa, dated Sydney, October 28, 1873. Communicated by H.M.’s 
Secretary of State for Foreign Affairs. 

“The afternoon before I left [Samoa], samples of gold in quartz 
were put into my hands, found by three Englishmen in a valley 
about three miles from the port of Apia, but not having visited the 
spot I cannot vouch for the discovery, but I have every reason to 
believe that the gold is there; and I have had the samples assayed 
here, and the yield is at the rate of 3000 ozs. to the ton.” 

2. “The Secondary Rocks of Scotland.—Second Paper. On the 
Ancient Volcanos of the Highlands and their Relations to the 
Mesozoic Strata.” By J. W. Judd, Esq., F.G.S.! 


Discussion.— Mr. Campbell thanked the author for having taught him so much 
concerning a district in which he had been born and bred. 

Mr. D. Forbes was gratified te find the subject of the igneous rocks of Britain 
taken up in so able a manner, and the subject not left entirely to continental 
geologists. The author was fortunate in the fact that he had occupied the same 
ground as that which had already been explored by Prof. Zirkel, whose work had 
been thus supplemented. He agreed with the author in regarding Volcanic and 
Plutonic rocks, from granite down to the most recent lavas, as of one and the 
same origin. He suggested a doubt whether the older granites belonged to so 
recent a period as that assigned to them by the author. 

Prof, Maskelyne considered that this paper would go far towards settling the 
question between one half of the petrologists of the present time and the other 
half. He accepted the author’s view as to the Tertiary origin of the granite ex- 
tending over so large an extent of country, and considered that the views of 
Richthofen were thus substantiated, and that the present paper would form a 
starting-point in this field of geology. It showed, moreover, the necessity of 
combining the observations of the geologist in the field with those of the miner- 
alogist in his laboratory. 

Mr. Seeley observed on the importance of this paper as furnishing lines of 
departure for investigating the early physical history of the earth. He had 
ascertained that the old lines of volcanic activity corresponded with the agonic 
lines of magnetism, and the paper afforded data which would assist in drawing 
conclusions as to the changes in the position of the earth’s axis by a comparison 
of these lines with those of the magnetic currents. 

Mr. W. W. Smyth congratulated himself on again hearing of intrusive granitic 
dykes such as recalled the earlier days of the Society, and tended to dispel some 
accepted ideas as to metamorphism. He adduced the recent deposits of Etna and 
Vesuvius in illustration of the specimens exhibited by the author. 

Mr. Blanford suggested that there might be in this case only one form of the 
protrusion of granite. When the gradual passage from stratified rocks into granite 
could be traced, there could be little doubt of its origin ; and even here the granite 
might be only the result of a very complete metamorphism. He agreed with the 
author as to the probability of the great horizontal outflows of basalt being sub- 
aérial, and not subaqueous, and instanced analogous examples in India. 

Mr. Tiddeman, referring to the great length of time alluded to by the author, 
as represented in the volcanic rocks of Scotland, wished to call attention to the 
rocks in the neighbourhood of Seuir-na-Gillean in Skye, which consisted partly of 
basaltic lavas of Miocene age. These appeared to be tilted by the syenite of 
Marscou, etc., and upon both rested unconformably a great thickness of hypersthene. 


* An abstract of this paper appeared in the February Number at page 68. 
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But furthermore, the base of this lastest rock appeared to be thrown down by a 
fault with a displacement of some thousands of feet. 

The author, though admitting there were two sides to the question as to the 
origin of granite, could not regard intrusive masses of granite passing through 
rocks of different mineral constitution as the metamorphosed representatives of 
each He briefly replied to the other points raised in the discussion. 

3. “Remarks on Fossils from Oberburg, Styria.” By A. W. 
Waters, Esq., F.G.S. 

The author noticed the limited occurrence of Eocene deposits in 
Styria, and referred briefly to the researches of Prof. Reuss and 
Prof. Stur upon them. He then indicated certain species of fossils 
which he had detected in these beds, adding about nine species to 
Stur’s list. 

Discuss1on.—The Chairman commented on the sad loss which science had 
lately sustained in the death of Prof. Reuss, from whose labours he had received 
much assistance, and with whom he had long been on the most kindly relations. 
He had been disposed to place these beds as among the Upper Eocene or Oligocene 


beds, but the discovery of Nummulites in them might cause them to be placed on 
the lower horizon. 


Ij.—February 4, 1874.—His Grace the Duke of Argyll, K.T., 
F.R.S., President, in the Chair. The following communications 
were read :— 

1. “The Physical History of the Valley of the Rhine.” By 
Prof. A. C. Ramsay, LL.D., V.P.R.S., Vice-President. 

The author first described the general physical characters of the 
valley of the Rhine, and discussed some of the hypotheses which 
have been put forward to explain them. His own opinion was that 
during portions of the Miocene epoch the drainage through the 
great valley between the Schwarzwald and the Vosges ran from the 
Devonian hills north of Mainz into the area now occupied by the 
Miocene rocks, of Switzerland. Then after the physical disturb- 
ances which closed the Miocene epoch in these regions the direction 
of the drainage was reversed, so that after passing through the 
hill-country between the lake of Constance and Basel, the river 
flowed along an elevated plain formed of Miocene deposits, the 
remains of which still exist at the sides of the valley between 
Basel and Mainz. At the same time the Rhine flowed in a minor 
valley through the upland country formed of Devonian rocks, which 
now constitute the Taunus, the Hundsruck, and the highland lying 
towards Bonn, and by the ordinary erosive action of the great river 
the gorge was gradually formed and deepened to its present level. 
In proportion as the gorge deepened, the marly flat Miocene strata 
of the area between Mainz and Basel were also in great part worn 
away, leaving the existing plain, which presents a deceptive ap- 
pearance of having once been occupied by a great lake. 


DIscussION.—Mr. Campbell, in illustration of the paper, and of the effects 
which running water is capable of producing, brought forward some views in 
Daghestan and the Caucasus. Very considerable tracts of this country are drained 
by cafions, very narrow, but some hundreds of feet in depth; the streams which 
pass along them are principally fed by melting snow. 

Prof. Hughes doubted the view which referred the present Rhine to any con- 
figuration of the country due to the original level surface of the Miocene while it 
ignored the post-Miocene elevation of the Alps and Jura. He had traced the lava 


Geological Society of London. 141 


from the Forniche Kopf near Andernach down to within 100 feet of the present 
Rhine. He thought, therefore, that the Rhine began to cut back a channel by 
rapids and waterfalls from the Rolandseck end at the first appearance of the land 
above the Miocene sea, and before the close of the earth-movements and volcanic 
eruptions, which seem to be connected with the later Miocene, but that it took the 
river so long to eat its way back as far as Bingen that it had time to wind about 
and form a broad valley in the upper part of its course, that the river continued to 
run at the higher level at the Bingen end until, at comparatively a far less remote 
period, the gorge was eaten back through this flat valley; and when once the river 
had got through the harder rocks near Bingen, it soon disposed of the softer beds 
in the Mayence basin. 

Mr. Koch was inclined to think that the Jura chain had existence in Miocene 
times, as beds of that age lay horizontally in hollows in the Jurassic rocks. He 
quite agreed with Prof. Ramsay as to the terraces along the sides of the Rhine 

orge. 
; Mr. Tiddeman did not see the difficulties suggested by Prof. Hughes. 

The President remarked that if the physical history of the Rhine were established, 
it would throw much light on that of other great rivers. He considered the paper 
of great value, but suggested a doubt whether the history assigned would account 
for all the phenomena exhibited along the course of the river. There appeared to 
have been at the commencement of the existence of the river several upheavals of 
the land, but subsequent to the main upheaval of the Alps. He regarded the 
channel of the river as entirely due to fluviatile action, but he confessed to having 
some doubt whether the erosion of the river alone could have effected the enormous 
amount of denudation exhibited in the district. He inquired whether there was 
not a possibility of some marine denuding power also having been at work. He 
also inquired as to the flexure of the rocks and subterranean movements affecting 
the conditions of the case, especially in connexion with the angles at which the 
Miocene strata are tilted. A third question alluded to by Prof. Hughes was as to 
the volcanic action that had gone on in the valley of the Rhine ; and he wished to 
know whether that might not also have conduced towards the present contour of 
the valley. As to the terraces, he accepted the author’s view as correct; but the 
question still remained as to how far the gorge was due to gradual erosion or to 
some subterranean action. 

Prof. Ramsay, in reply to Mr. Hugh Miller, stated that the detritus brought 
from the north was found in Switzerland, and that Prof. Sandberger, as he had 
found out since writing the paper, considered that at the time of its transport the 
Jura was not in existence. He had conversed with all the principal Swiss geolo- 
gists; and it was from them he learnt that along what was now a part of the valley 
of the Rhine a river flowing southwards during episodes in the Miocene period 
carried pebbles from the north along its course. This river must have dated back 
even to Eocene times. In reply to Prof. Hughes, he stated that the attribution of 
the volcanic outflows to Miocene times was very problematical, and that there was 
great probability of their belonging to a more recent period. Neither did they affect 
the district mainly under consideration. There was no great succession of terraces, 
but one main terrace of fluvatile origin, of which extensive traces remained. 
Similar terraces occurred on the Moselle. In reply to the President, he stated 
that he did not think that volcanic action had anything to do with the formation of 
the gorge. The Miocene strata lay in an approximately horizontal direction, and 
were not tilted in such a manner as to suggest that their absence in the basin was 
due to any disturbance of the strata. They must, in his view, have been of 
necessity scooped away by the action of flowing water. 


2. ““On the Correspondence between some Areas of Apparent 
Upheaval and the Thickening of Subjacent Beds.” By W. Topley, 
Ksq., F.G.S., Geological Survey of England. 

The author referred to many instances in which beds have unequal development, 
being much thicker in some places than in others; and the main object of his 
paper was to show that such thickening and thinning of beds has an important 
effect in producing the apparent dip of overlying beds. The thinning of any one 
bed may have an appreciable effect in producing or increasing its own apparent 
dip; but where a whole series of beds thin constantly in one direction, the amount 
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of the dip of one of the higher beds, due to the sam of the thinnings of the under- 
lying beds, is often very considerable. 

In illustration of this the author indicated the Lower Jurassic rocks between 
Leckhampton Hill and Burford. The Inferior Oolite, and the Upper, Middle and 
Lower Lias thin out rapidly to the east along this line; the base of the Middle 
Lias is nearly a horizontal line, the easterly ‘‘dip” of the Great Oolite being due 
to the easterly thinning of the Middle and Upper Lias and the Inferior Oolite. 
The base of the Lower Lias has a westerly dip. 

It is generally supposed that the dip of any bed is due to great movements of the 
earth’s crust ; from the facts mentioned the author argued that our inferences as to 
such movements will vary according to the beds which happen to be: exposed at the 
surface. In the example given we assume a westerly upheaval because we see the 
Great Oolite dipping to the east. If over this area the whole of the higher strata 
had been removed down to the Middle Lias, we should perceive the beds to. be 
flat; if the denudation had exposed the base of the Lias, we should probably 
suppose that along this line there had been an easterly upheaval. 

Under London the entire series of strata between the Paleozoic rocks and the 
base of the Upper Cretaceous is absent ; as we recede from the London Basin the 
intermediate beds necessarily come in and gradually thicken, producing the dip of 
the Cretaceous beds towards the London Basin. 

The Palzeozoic rocks under London are at about 800:feet below sea-level. We 
now know, by the sub-Wealden boring, that under the centre of the Weald the 
Paleeozoics are also below sea-level. Supposing that they should be found at 
about the same depth as at Kentish Town, then the Paleozoic floor will be 
approximately a straight line, whilst we know that the whole of the Wealden and 
other Cretaceous beds dip to the north, their dip being thus wholly accounted for 
by the gradual thinning out of all the beds as they approach London. In the case 
of the Weald, some of the strata are of freshwater origin ; we must suppose that 
the area of water within which they were deposited had some limit to the north, 
and that the Palseozoic floor, which is now approximately flat, rose up to the 
north as a bounding ridge. But even if this be so, it is evident that the present 
dips are no exact measure of the amount of upheaval which the beds have under- 

one. 
i Other examples were quoted, in which the observed general dip corresponds in 
direction with the known or inferred general thinning ; and it was shown that in 
all such cases we are liable to serious error in inferring the amount of upheaval 
from observed dips. 

It is, however, evident, from the faults intersecting strata, that upheavals and 
disturbances have taken place; but unless we assume every bed to have been 
deposited on a perfectly horizontal plane, we cannot infer the amount of such 
upheaval from the present position of the bed. In all cases we must take into 
account the actual or possible thinning of underlying beds. 

The beds which support Geological Basins frequently thin towards the centres 
of those basins, thus producing, wholly or in part, the basined form of the strata. 
It was, however, shown that the beds of the basins themselves frequently thicken 
towards the centre of the basins. 

DiscussIon.—The Rev. O. Fisher remarked that he had always considered 
that the Palzeozoic rocks under London had formed an axis against which the 
Secondary rocks had abutted, instead of their being carried over the old rocks, as 
shown in the diagram. He presumed that there would be difficulty in any natural 
cause constantly leading to the thickening of strata at some particular spot so as 
to form a ridge in a certain position; and argued that the shattered condition of 
the flints in some tilted rocks showed that they had been violently upturned. 

Mr. Seeley thought the paper extremely suggestive, though possibly its sugges- 
tiveness had been carried too far. If the author’s views were correct, the sea in 
which the beds had been deposited must have been of enormous depth, but of this 
we had no evidence. He could not believe that the chalk or any other sedimen- — 
tary deposit could in the process of deposition assume such dome-like forms as 
would be necessary under the author’s hypothesis. 

Prof, Hughes considered that there were two kinds of thickening, (1) by deposits 
from a shore line, or (2) by sediment accumulating ina basin. The instances 
adduced appeared to be the result of the thickening of strata in a basin, He 
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accepted the cautions of the author as to hasty deductions from the dip of strata at 
the surface. 

Mr. Etheridge considered that the Lower Lias was of greater thickness at Bur- 
ford than supposed by the author. 

The Author, in reply, stated that he did not dispute the fact of the Palzeozoic 
rocks being much disturbed and crumpled, nor did he deny that there may have 
been some disturbance of the upper beds. What he wished to point out was that 
the disregarding of the fact that strata thickened in certain directions might be 
and had been a fruitful source of error. 


CORRESPONDENCE. 
ea: 
ORIGIN OF THE FLEET. 

Str,—On this subject, in your February number, my friend Mr. 
Kinahan follows Herschel, Lyell, Bristow, and Whitaker in at- 
tributing the heaping of the Chesil bank to ‘tidal currents.” 

In your November number for 1869 you did me the honour to 
publish my opinion, at some length, against these high authorities. 
May I beg space now for a short repetition ? 

The Chesil bank is 42 feet above high-water. Shingle does not 
travel on the high-water surface of a ‘tidal current,” but if it did, 
how could this current land the shingle 42 feet higher than its own 
surface? 'The wind causes the travelling of beach, and I gave this 
sing-song rule for it— 


‘¢ As the wind blows, the wave flows; 
As the wave flows, the beach goes.” 


It is not a “tidal current,” it is the prevalent south-west wind 
which throws beaches across the mouths of so many of our streams 
on the south coast, and which drives them eastward as they enter 
the sea, and among them all the side streams which fall into and 
from the Fleet. 

The reason of the enormous heaping of the Chesil bank is that 
the travelling of the beach down the wind is interfered with by the 
peninsula of Portland, which runs out to sea at right angles to the 
bank, and acts as a gigantic “natural groin.” 

It is not only that shingle is now constantly torn down and again 
landed on the top of the Chesil bank, but a vessel has been heaved 
bodily over it and into the Fleet. Does Mr. Kinahan think that 
the vessel floated calmly over the bank on his “tidal current run- 
ning parallel, or nearly so, to the coast line,” or that it was-lifted 
over by the impact given to the wave by a south-west storm ? 

I wish that I could persuade my friend Mr. Kinahan to read 
Chapter viii. of ‘Rain and Rivers” on the “Travelling of Sea-beach,” 
where all this is discussed at length. 

Brookwoop Park, ALRESFORD, GEORGE GREENWOOD, Colonel. 

bth February, 1874. 


WELL-SINKING IN THE LINCOLNSHIRE FEN-DISTRICT. 
Str,—I should be very much obliged to any of your readers who 
could give me information, or references to books where I can 
obtain it, on the following point:— |. A 
At Lincoln the fen, that extends along the right bank of the 
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Witham to Boston, first begins. It occupies a strip between the 
river on the east and a ridge of Inferior Oolite covered with gravel 
deposits on the west. The fen is of course thoroughly drained, but 
is very ill supplied with drinkable water. This is got from dykes 
which take the water from the oolitic region across the fen and 
above its level; and is of course at considerable distance from many 
of the farm houses in the fens. 

What probability is there that a bore-hole made through the clays 
that underlie the fen would tap a good water supply? Is anything 
known about the thickness of the clay, and the nature of the sub- 
jacent strata? JI am speaking especially of the fen that lies between 
Bardney and Nocton, in which I am specially interested. 

A farmer there once told me it would be worth fifty pounds to 
him to get water; and I offered to spend twenty-five pounds on a 
boring on the condition that if it succeeded he should pay me back. 
He thought over the suggestion, and could not make it out. Why 
should I pay if it failed? What good could it be to me? He 
thought there must be something uncanny about it, and he would 
none of it. 

I think of making a boring there in April; and should be truly 
obliged to any.one who will give me information either by private 
letter, or in the pages of this Magazine. 

James M. WItson. 
Ruesy, Feb. 5th, 1874. 


“DOLMENS” OR “ERRATICS” ? 


Str,—I send you a piece, broken off by mischief last November, 
from a stone standing near the entrance to the bridle-way leading 
from the top of Southampton Common to Lord’s Wood. ‘There are 
three other similar stones in the neighbourhood. One is about 300 
yards off, near Point-house, one in Burgess-street, and one in Lord’s 
Wood. Very likely there are, or at least have been, others. I have 
known them a long time, and have often been puzzled as to their 
object. The answer to all inquiries is: ‘Oh! They are boundary- 
stones.” “ Boundary-stones of what?” ‘Sure, sir, I can’t say.” 

They are nearly square prismatic stones, much weathered—indeed, 
so much weathered that it was not till this one was broken that I 
recognized them as Granite. The Granite is fine-grained, light in 
colour, with a good deal of very black mica. 

What are these stones, and where do they come from from ? ‘ 

In the Hartley Museum there are two specimens of rolled green- 
stone, said to have been discovered on the spot where the Museum 
now stands. G. H. Woxtasron. 

Cuirron, 17th January, 1874. 


Erratum.—In the last Number, foot of p. 66, the Rev. O. Fisher 
ascribes Mr. J. Clifton Ward’s paper on Coral Reefs and the Glacial 
Period to “Popular Science Review” for April, 1873, whereas it 
appeared in the “Quarterly Journal of Science” for that date. —Kprz. 
GuoL. Mac. 
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J.—Tuer Voucanic History or Irezann.! 
Being the Anniversary Address delivered to the Royal Geological Society of Ireland, 
February 11th, 1874. 
By Professor Epwarp Hui, M.A., F.R.S., President; 
Director Geological Survey of Ireland. 

HAVE the pleasure of congratulating the Society on its prosperous 
condition after an existence of forty years, during which time 
it has numbered amongst its members men of the highest distinction 
in Science, and has been presided over by some of the most 
illustrious amongst the cultivators of Geology. In looking over 
the names of the first officers of the Society in 1833, I am re- 
joiced to see those of the Provost of Trinity College, Sir R. Griffith, 
and Professor Apjohn, who are still amongst us; and to myself it 
could not have been otherwise than a matter of high gratification to 
have been elected to an office which has been filled by such eminent 

men as the former Presidents of this Society. 

But more honourable to the Society than even the names of its 
officers are the large number of excellent papers, bearing, though 
not exclusively, on the Geology of Ireland, which are to be found 
in the pages of its Transactions. It is the merit of the contributions 
which must stamp the character of a Scientific Society ; and amongst 
all the Geological Societies—that of London only excepted—there 
is none which has produced so large a number of excellent memoirs. 

Other Societies—especially those of Glasgow and Edinburgh—are 
now treading closely on our heels; and I would, therefore, venture 
from this chair to urge upon our members a little increase of 
industry in the preparation of papers founded on observations over 
various parts of the country. The geological questions and pheno- 
mena of Ireland are far from being exhausted, and still present 
materials for the industrious observer. J would, also, observe, that 
the arrangements recently effected by the Council with the Editors 
of the Gronocican Macaztne afford authors of papers read before 
this Society rare opportunities of extended circulation. By that 
arrangement, all papers of merit, after having been read before the 
Society, and approved by the Council, will appear in the pages of 
the GrotocicaL Macazing, and subsequently in those of our Transac- 


1 Plate X., illustrating the Volcanic History of Ireland, will accompany the con- 
cluding part of Prof. Hull's Address in the next Number.—Epit. Grou. Mac. 
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tions; thus guaranteeing to them the advantages of almost a double 
circulation. 

Amongst the papers which have been read during the year 1873-4, 
I may be allowed specially to mention those of Colonel Meadows 
Taylor “ On the Coal-fields of Central India,” that of Dr. Mackloskie 
“On the Fossil Wood of Lough Neagh,” that by Dr. Macalister 
“On the Charopsis Hibernicus,” that by Mr. Hardman “On the 
Occurrence of Zinc in the White Chalk of Tyrone,” and by Mr. 
Meadows “‘ On the Leinster Coal-field”’; and I take this opportunity 
of acknowledging the gift to the Society of a mounted sheet of 
‘Griffith’s Geological Map of Ireland,” presented by our valued 
member the Rev. Maxwell Close, F.G.S. 


In addressing you this evening, I have ventured to select as my 
subject, “The Volcanic History of Ireland,” but shall preface what 
I have to say by a few preliminary remarks on the general charac- 
ters of volcanic phenomena. 

The earthquake and volcanic history of individual countries is 
one full of interest to the physical geologist. This history has been 
ably written in the case of Scotland by Professor Geikie, and for 
our own country it seems to be a subject not unsuited to the present 
occasion. It is, perhaps, less difficult to decipher the characters in 
which are inscribed the volcanic, than the seismic (or earthquake) 
history of any special region; for earthquakes, although generally, 
are not exclusively, confined to volcanic districts, and often pass 
over without leaving any traces of their action. The existence of 
faults, or displacements of the strata, are not always to be relied upon 
as indicating former earthquake action ; and owing to the rare cases 
which have come under actual observation of the production of faults 
and their connexion with earthquakes, we are not in a position to 
speak dogmatically regarding their relationship. If volcanic action, 
during any special geological period, were necessarily connected 
with, or accompanied by, earthquake movements, and these again 
with faults in the strata, it would be impossible to account for such 
cases as the Carboniferous volcanic district of Limerick, in which . 
faults are comparatively rare; or the more recent case of the north- 
east of Ireland, where most of the lines of fracture are of later date 
than the consolidation of the great sheets of lava themselves. In a 
word, whether we regard the Lower Silurian volcanic region of 
North Wales, so ably illustrated by Sedgwick and Ramsay, the west 
of Ireland, the Carboniferous volcanic regions of the south of Ireland 
or centre of Scotland, or the Miocene volcanic districts of the north of 
Treland and west of Scotland, we are equally impelled to the con- 
clusion, that the main lines of fracture are totally unconnected with 
the volcanic products, and belong to periods either preceding, or 
subsequent to, those of volcanic activity. 

In attempting to determine those periods in the past history of 
our globe in which volcanic phenomena have been prevalent, and 
the districts in which the products of volcanic action have been 
developed, we must guard ourselves against an error of observation 
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into which we might be liable to fall by observing merely the 
greater or less proportion of igneous rocks in each case. There may 
be formations penetrated by numerous sheets and dykes of trap rock, 
none of which can properly come under the head of “volcanic,” and 
which, therefore, present no true marks of contemporaneous volcanic 
action. Dykes of trap of an irruptive (or intrusive) character may 
belong to a geological period different from that of the strata in 
which the dykes occur; and it is often exceedingly difficult to deter- 
mine their true age. Hven in the case of sheets of trap, unless very 
careful observations are made regarding their relations to the strata 
which inclose them, much caution is required in determining the 
question whether they are volcanic or plutonic, or as the late 
Professor Jukes used to say, “eruptive or irruptive.” While no truly 
intrusive rocks can be properly called “ volcanic,” it is clear that all 
voleanic rocks are to some extent intrusive; for wherever they occur 
in sheets amongst the sedimentary strata, they must in some part of 
their extension pass vertically or obliquely through the strata which 
are in course of formation. Such truly volcanic lavas may therefore 
present evidences of intrusive action amongst the beds which under- 
lie them; but we may feel sure that the beds which rest upon them, 
belonging to the same formation, will be not only undisturbed, but 
remain generally unaltered in physical constitution. 

But the most reliable phenomenon to guide the observer in deter- 
mining the question whether or not true volcanic action has left 
its traces upon any formation, is the presence of beds of ashes, agglo- 
merates, or other volcanic ejecta, which have been blown out of 
submarine or sub-aerial vents, and have subsequently become in- 
terbedded with the strata. For, while it is true that such accumu- 
lations may not necessarily be present at all times amongst volcanic 
rocks of different formations, they are, doubtless, very general 
accompaniments ; and whenever they do occur, we may safely con- 
clude that we are in the presence of truly contemporaneous volcanic 
rocks ; that is to say, rocks which have been ejected in a liquid or 
fragmental state during the period of deposition of the strata in 
which they are found. 

But, before entering on the consideration of the successive periods 
of volcanic activity in Ireland, one or two observations regarding 
the use of the term “volcanic” may not be unnecessary, in order to 
guard against misconception of my meaning. The term is generally 
exclusively applied to designate those rocks, consisting of various 
kinds of lava, ashes, scoriz, etc., which are now from time to time 
being poured forth or blown out of active volcanos, or those which, 
like Auvergne and the Hifel, have become extinct in Post-Tertiary 
times. We have, therefore, active volcanos and eatinct volcanos, 
with their respective lavas, etc.; but there seems no good reason 
why the term should not also be applied to those products of internal 
igneous action which have been erupted during the formation of 
Cainozoic, Mesozoic, and Paleozoic rocks, and which are found inter- 
stratified with them. And as there are at the present day both sub- 
aerial and submarine volcanos, so, doubtless, there were in the past; 
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and geologists are now becoming familiar with such expressions as 
voleanic rocks of Silurian, Carboniferous or Permian periods, and 
which, from the necessity of the case, must chiefly be the represen- 
tatives of the sub-marine or sub-lacustrine classes of volcanos. 


Guided, then, by such principles of determination, let us endeavour 
to review in the order of succession the periods which in this 
country present us with unquestionable evidences of volcanic 
activity, and we shall consider them under the three great divisions 
of geological time, the Paleozoic, the Mesozoic, and the Cainozoic 
or Tertiary. 

Palgozoic Epoch.—The oldest rocks represented in Ireland—the 
Cambrian beds of the east coast—present us with no evidences of 
contemporaneous volcanic activity; but when we ascend into those 
of the Lower Silurian period, we have numerous examples of 
volcanic rocks in several parts of our island where these formations 
occur. Throughout the range of these beds in the counties of 
Wicklow, Wexford, and Waterford, there are numerous sheets of 
felstones and porphyries accompanied by beds of ash and volcanic 
breccia, interstratified with the slates and grits which for the most 
part make up the Lower Silurian rocks of those districts. These 
contemporaneous traps are referable to the acidic felspathic, or highly 
silicated felstone group; and amongst them are outbursts of horn- 
blendic rocks, or diorites, as well as a few melaphyres, which are of 
intrusive origin and later date than the felspathic rocks themselves. 
The districts of Stradbally and Kill, near Waterford, seem to have 
been foci of volcanic action. Similar beds of porphyries, felstones, 
ashes, and agglomerates are of frequent occurrence in the Silurian 
district north of the valley of the Boyne, but become less frequent 
in the districts of Down, Armagh, and Cavan. As all the fossils 
yielded by these Lower Silurian rocks are of marine origin, we must 
suppose the whole series to be marine; and we may thcrefore infer, 
that the volcanic rocks of the period were erupted from vents 
sporadically breaking out over the sea-bed of the period, and either 
pouring forth sheets of liquid lava, or vomiting out masses of frag- 
mental materials which were strewn over the bottom, and were in 
turn covered over by fresh sediment. 

It is interesting to observe that these rocks are the representa- 
tives of those great sheets of felstone and porphyry which rise into 
the lofty escarpments of North Wales, and which have been so ably 
described by Sedgwick, Murchison, and Ramsay; and I am informed 
that the late Professor Jukes, when engaged with Mr. Du Noyer in 
mapping out these beds over the Silurian district of the south-east 
of Ireland, was constantly struck by the marked resemblance of the 
old volcanic rocks of this district to those with which he had become 
familiar amongst the mountains of Snowdon, Moel Wynn, and Cader 
Tdris. 

‘Contemporaneous trap-rocks being so abundant amongst the Lower 
Silurian rocks of the east of Ireland, where they are generally un- 
altered, it can scarcely be doubted that they are also represented 
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amongst the beds of the same great series in the west and north- 
west of the island, where they have undergone, for the most part, 
various degrees of metamorphism. In the Galway district, Mr. 
Kinahan considers that such rocks may be recognized amongst the 
hornblende schists of the metamorphosed districts ;’ but while the 
general conclusion may be admitted, the great amount of alteration 
which these rocks have undergone, together with their structural 
complications, renders actual determination in special cases some- 
what uncertain. 

The Lower Silurian period may, therefore, be considered as having 
been one of great volcanic activity in this country, as well as in 
Wales and Cumberland; the products being, for the most part, 
felspathic and highly silicated, and such as were erupted at various 
points over the bed of the sea. } 

Upper Silurian Period.The Upper Silurian rocks are not very 
largely represented in our island; nevertheless, they present un- 
mistakable evidences of contemporaneous volcanic action. Nothing 
can be more conclusive on this head than the phenomena observable 
in the mountainous region of West Mayo and Galway. Here, on 
ascending the flanks of Muilrea from the north shore of Killary 
harbour, we cross over the edges of great beds of grit, slate, and 
conglomerate, alternating with others of quartz-porphyry, each bed 
capped by its covering of volcanic ash; as if showing, that after 
each successive outpouring of lava, there had been a grand eruption 
of fragmental materials from the volcanic vents. In all probability 
these vents, like those of the Lower Silurian period, were sub- 
marine, nor is there any very marked distinction in the general 
character of the volcanic products. 

Another district of volcanic action of this period is that lying 
along the western shores of Lough Mask, where beds of felstone, 
quartz-porphyry, felspathic ashes, and agglomerates are associated 
with fragmental strata, supposed to belong to the Upper Llandovery 
series, but which may also represent the earlier stage of the Muilrea 
volcanic rocks.” 

The Promontory of Dingle, where it projects into the Atlantic 
Ocean, together with some of the Blasket Islands, affords evidence 
of having been another district of voleanic action during the Upper 
Silurian period. Great beds of ash, agglomerate, and a few of trap 
form the coast from Clogher Head southwards, for a considerable 
distance, and again are found at Beginish, Young’s, and Inishvickillane 
Islands, and have been carefully laid down on the maps of the 
Geological Survey by the late Mr. Du Noyer.? The thickness of 
these volcanic products has been estimated by the late Professor 
Jukes at 2,500 feet, and they are interstratified with sedimentary 
strata richly stored with marine fossils of the Wenlock stage. As 
the beds of felstone and ash of Muilrea probably correspond to this 


1 Mem. Geol. Survey, Explanation Sheets, 105 and 114. 

2 See Geological Survey Map, Sheet 85. 

3 Sheet 171. See ‘‘Explanation’’ of Sheets 160, 161, 171, etc., by Messrs. Jukes 
and Du Noyer, pp. 12, 46, etc. (1863). 


150 T. Davidson—On Tertiary Brachiopoda. 


period, we have evidence of at least two centres of volcanic activity 
in the west of Ireland during the Upper Silurian period, which, for 
all we know to the contrary, may be but representatives of vastly 
more extended volcanic regions spreading either beneath the ocean, 
or beneath formations of more recent age on the land. 

Old Red Sandstone Period.tThe Old Red Sandstone presents us 
with several examples of contemporaneous volcanic rocks, both in 
the northern and southern districts. In the neighbourhood of 
Boyle, in Co. Roscommon, there occurs one or more beds of con- 
solidated ash, interstratified with the red and purple sandstones and 
conglomerates of that formation.!. In the southern district, one of 
the most remarkable and well-known cases is that which occurs 
amongst the Killarney mountains, south of Lough Guitane, and 
which has been admirably illustrated by the pen and pencil of Mr. 
Du Noyer, under the direction of Professor Jukes. Here, at Benaun- 
more, a bold rock reaching an elevation of 1,490 feet, a mass of 
columnar felstone indicates the position of an old “neck” or volcanic 
throat, from either side of which stretch, for considerable distances, 
beds of felspathic ash and agglomerate, with large “balls” of 
felstone, often hollow in the centre, which were probably bombs, 
shot out of the vent at various stages of eruption.* These beds of 
ash re-occur at Lough Garagarry, Lough Managh, and the Devil’s 
Punch Bowl, to the west of Benaunmore, and rise into the summit 
of Crohane (2,162 feet), and the southern slopes of Killeen moun- 
tain on the east.? To the south of this, there is another district, 
containing contemporaneous trap-rocks, forming the cliffs of Cod’s 
Head and Dursey Island, at the mouth of the Kenmare river.’ 

The shores of Lough Kay and Valentia Harbour present to us 
another striking instance of a volcanic centre of eruption during 
this period. Beds of greenstone, felstone, ashes, and aggelomerates 
are here associated with those of Old Red Sandstone, and pierced by 
numerous dykes.* 


(To be concluded in our next Number.) 


II].—On tHe Tertiary Bracuiopopa oF BELGIUM, ETC. 
By Tuomas Davinson, F.R.S., F.G.S. 
(PLATES VII. anv VIII.) 


N the seventh volume of the Grotoetcan Magazine I gave a de- 
scription, accompanied by illustrations, of all the Brachiopoda 
then known to me from the Tertiary formations of Italy. I would 
now offer some notes and figures relative to those that occur in 
Belgium. 
In order to be able to do justice to the subject, Messrs. Dupont 
and Nyst kindly forwarded me for examination the best examples 
preserved in the Museum of Brussels, and. I am likewise indebted to 


1 Messrs. Jukes and Foot, Journ. Geol. Soc. Ireland, vol. i. part 3, p. 249. 
2 Maps of the Geological Survey, Sheets 184, 185, with ‘ Explanations.” 
3 Ibid. Sheet 198, with “ Explanations,” pp. 8, 17, etc. 

4 Ibid. Sheet 182, with “ Explanations,” p. 26. 
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Messrs. L. de Koninck, Dewalque, Vincent, Lefévre, and Colbeau 
for the loan of specimens forming part of their collections. 

The Tertiary series is pretty well represented in Belgium, and in 
his “‘ Rapport Séculaire sur les travaux de la Classe des Sciences de 
VAcadémie Royale de Belgique” (pp. 59-61. 1872) M. Dewalque 
publishes a table showing the classification of the Tertiary deposits 
of Belgium, as compared with those of the basins of London and 
Hampshire. 

In 1852 M. Dumont divided the Tertiary formations of Belgium 
in the following manner :— 


Purocenn § Systeme Scaldisien. = our Crag. (The Systéme Diestien is now 
Systeme Diestien. considered to be Upper Miocene. T.D.) 
Miocene Systeme Boldérien = Faluns of Touraine ? 


Upper EKocrene or 


Town Mio eee |Systeme Rupélien = Upper Lacustrine deposit and sands of 


Fontainebleau. 
Lacustrine deposits of the Isle of Wight. 
Sands without fossils of Hordwell, also 
Barton Clay. 
Systéme Bruxellien = Calcaire Grossier, Bracklesham Sands, and 
Bagshot Sand. ; 


Systéme Tongrien 


' Upper Eocene Systeme Laekenien 


MIppLE Eocene § g. 4 ae 
ystéme Panisélien 
Systéme Yprésien = Bognor Clay, London Clay. 
Lower Eocene Systeme Landénien = Plastic Clay. 


CRETACEOUS. 


In a letter dated the 2nd of April, 1873, M. Nyst gives me his 
views relative to the divisions of the Tertiary formations of Belgium, 
and I have added the names of the Brachiopoda that occur in each of 
these divisions. 

PLIOCENE. 

Upper division. Does not exist in Belgium. 

Lower division. Composed of yellow and grey sands. The 
yellow sands occupy the upper portion, and are the equivalent of the 
Crag of Norfolk and Sutton. The grey sands should perhaps be 
considered to represent the Coralline Crag. In this last we find—1. 
Lingula Dumortieri, 2. Terebratula grandis, 3. Terebratulina caput- 
serpentis, 4. Rhynchonella Nysti, and 5. Rh. psittacea? 

Miocene=Systéme Diestien of Dumont. 

The upper portion is composed of the black sands (sables noir) of 
Diest, and of Antwerp. This deposit seems to be wanting in Great 
Britain. It contains the Mannia Nysti of Dewalque. 

The lower division of the Miocene formation is represented in 
England by the marls of Henis in the Isle of Wight, and in which 
fresh and brackish-water shells abound. It contains no Brachiopoda. 
The sands of Lethen and of Hoesfelt have hitherto afforded no other 
species of Brachiopoda besides the Discina Suessi and Terebratulina 
ornata. M. Nyst believes this last named bed to represent the 
Barton Clay of England. 

EKocene. 

The upper division of the Hocene formation is wanting in Belgium. 

The Middle Hocene is composed of the sands of Laeken, with 
Nummulites planulata, var. minor. It is the equivalent of the Brackle- 
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sham sands, as well as of the ‘‘Sables Moyens” of France. In this 
formation the only Brachiopod hitherto discovered is the Argiope 
Lefévrei. Geologists have attributed to the Lower portion of this 
division the sands of Lede near Alost, and which contain the Nummu- 
lites Heberti (N. variolata). Here also is found the Zerebratula 
Kicksit, T. bisinuata, Terebratulina Putoni, and Crania Nysti. This 
formation occurs at Dieghem, Jette, and probably likewise at Gand. 
It seems to be present at Mount Cassel near Lille, and where Tere- 
bratula Kicksii has been collected by M. Nyst, myself, and others, 
although M. Deshayes makes no allusion to it in his magnificent 
work. 

To the lower division M. Nyst refers the beds of Chercq, near 
Tournay, where a Terebratula and a Terebratulina (Pl. VIII. Figs. 9 
and 10) have been found, and which he thinks would correspond to 
the Thanet sand, and in France to the Sables de Bracheux. 

In his publications. on the Tertiary deposits of Belgium, M. 
Dewalque g gives the name of Bruxellien Supérieur to the ‘‘ Laekenien 
Infériewr” of Dumont and Nyst: they represent the same horizon." 

I regret to say that I am not yet sufficiently well acquainted with 
the Tertiary species of Germany to be able to treat them as I have 
done those from Belgium. 

Dr. C. M. Wiechmann, of Mechlenburg, has, however, furnished 
me with the following list :-— 


LOW ER.—EraGE oLtgocrne= Systéme Tongrien inféri ieur. 

Terebratula grandis, Blumb. Latdorf, near to Bernburg, Helmstadt, and Brandhorst, 
near Biind (Westphalia). 

Terebratulina lattorfensis, Giebel. Latdorf. 

Terebratulina striatula. Helmstadt and the neighbourhood of Magdeburg. 

Terebratulina ornata, Giebel (7. Nysti, Bosquet). Helmstadt, Latdorf, Unseburg, 
Atyendorf, Westergeln, Osterweddingen. 

Argiope multicostata, Bosquet (= plana, Giebel). Latdorf. 

Thecidiumn Mediterraneum, Risso, var. Latdorfensis, Dav. Latdorf. 

MIDDLE. "race o1icocene=Systéme Tongrien supérieur and rupélien (Du- 
mont). 

Terebratula grandis, Blum. (= 7. subrhomboidea, Speyer). Neustadt, Magdeburg, 
Sollingen (Hanover). 

Terebratula opercularis, Sandb. Basin of Mayence, Waldborkelheim. Prof. 
Koenen unites this species with Z. grandis. 

Terebratulina fasciculata, Sandb. Basin of Mayence, Waldborkelheim. This species 
is very nearly related to the 7. ornata of Giebel. 

Argiope subradiata, Sandb. Basin of Mayence, Waldborkelheim. 

Argiope crenata, Sandb. Basin of Mayence, Waldborkelheim. 

Argiope megacephala, Sandb. Same locality. 

UPPER.—Outeocrnn. Basin of Cassel, Sands of Doberg, near Biinde, of Crefeld, 
of Wiepke, Limestone of Sternberg. 

Terebratula grandis. Doberg, near to Biinde (Westphalia), Astrupp, near Osnabriick, 
basin of Cassel, Wiepke. 

Terebratulina subpuichella, v. Munst. Astrupp. 

Platidia pusilia, Phil. (Tereb.) Basin of Cassel, Crefeld. 


In the Miocrnr Sands (Systéme Diestien) of Germany we find 
only the Tereb. grandis. Herr Fuchs, Curator of the Imperial Museum 
of Vienna, has furnished Dr. C. M. Wiechmann with the following 

1 An instructive paper, entitled ‘“‘Note sur la Faune Laekenienne Supéricur des 


environs de Bruxelles,’ has been recently published rs MM. Lefévre and G. 
Vincent. 1878. 
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list of Brachiopoda from the Tertiary formations of Austria, and of 
which a monograph is expected from the able pen of Prof. Suess :— 

Three new species of Terebratula, one of Terebratulina, Megeilea truncata (oblita, 
Michelotti) : Platidia Anomioides, Scacchi sp., Argiope decollata, Chemn., A. Neapo- 
litana, Scacchi, A. squwamosa, Kichwald, and a new species. Also a new species of 
Crania and of Lingula. 

Very few Tertiary Brachiopoda are recorded from Russia. 

Belgian Species. 

1. Lingula Dumortieri, Nyst, Pl. VU. Figs. 1, 2, 3. 

Nyst, Coq. et Polyp. Tert. de la Belgique, p. 387, pl. xxxiv. 
fig. 4. 1843. 

Large examples of this fine Lingula have been found in the 
Assise Scaldisien, sables gaunes (crag), at Stenyvenberg, near 
Antwerp. It is, however, very rarely obtained entire. The best 
examples hitherto collected are preserved in the Museum of Brussels. 

2. Discina Nysti, Pl. VII. Figs. 4, 5. 

Bosquet, Notice sur deux nouveaux Brachiopodes trouvés 
dans le Terrain Oligocéne du Limbourg Néerlandais et du 
Limbourg Belge, Comptes rendus de Académie Royale de 
Belgique, vol. xiv. pl. 1-5. 1862. 

This interesting species has been very minutely described and 
illustrated by M. Bosquet. It occurs in a deposit attributed to the 
Middle Oligocene at Elsloo, a locality situated at the distance of 
about a hundred steps from the Belgian frontier. It cannot, strictly 
speaking, be considered a Belgian species, as no example has been 
hitherto picked up on Belgian soil; but as its locality 1s so near to 
the Belgian frontier, we have deemed it desirable to record its 
presence. 

3. Crayi4 NYst1, n. sp. (?), Pl. VII. Figs. 6, 7. 

Crania Hoeninghausi, Dav., Quart. Journ. Geol. Soc. vol. viii. 
p- 339, pl. xviii. fig. 8, August, 1852. 

Crania (Pileopsis) variabilis, Nyst and Dewalque, Prodrome 
d’une description Géologique de la Belgique, p. 407. 1868. 

(Not Pileopsis variabilis of Galeotti.—T.D.) 

“Shell irregular, inwquivalve, transversely oval, slightly conical, 
patelliform, depressed: vertex almost central: surface exteriorly un- 
equal and rugose. Interior of upper valve (the only one known) 
concave, margin narrow, granulated. Four muscular impressions : 
the posterior ones are more or less circular, lying close to the inner 
edge of the granulated margin, and separated from each other by a 
flat space not equal in size to one of the muscular impressions ; 
the anterior pair are irregularly oval, diverging from near the centre 
towards the posterior lateral margin: a slight prominence existing 
before the central pair. Vascular impressions not well defined, 
structure punctuated.”! Length 7, width 9 lines. 

In 1852 Sir C. Lyell placed in my hands for description and illus- 
tration the unattached valve of a Crania he had obtained from the 
Eocene beds of Dieghem, near Brussels. On comparing this valve 
with others of the C. Hoeninghaust of Michelotti and which occur 


1 Quart. Journ. Geol. Soe. vol. viii. p. 339, pl. xviii. fig. 8, 1852. 
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in great abundance in the Middle Miocene at Grangia, Termo, and 
other places in the Hill of Turin, I felt at a loss (as I still do) to 
perceive any inarked characters by which the Belgian Eocene shell 
can be distinguished from the Turin Miocene one. Later I also de- 
termined that the C. Hoeninghausi was the same species as the 
Crana abnormis, Defrance, from the Faluns of Terrenegre near 
Bordeaux.! 

In the mean time several Belgian Paleontologists, from finding 
the upper valve of the Crania under description, associated in the 
same bed and locality (but not in juxtaposition), with numerous 
specimens of the ‘“ Pileopsis variabilis” of Galeotti? (Pl. VII. Figs. 
8, 9), thought that this Gasteropod must be the attached valve of the 
Crania we now designate as C. Nysti. Much to my regret, I felt 
myself obliged to dissent in this particular from the view enter- 
tained by my eminent Belgian friends, for a glance at the Pileopsis 
variabilis of Galeotti will show that the shell in question possesses 
none of the characters belonging to the attached valve of any known 
species of Crania. Instead of the characteristic muscular scars of 
the genus, we find the crescent-shaped or horseshoe-shaped muscular 
impression, corresponding to that of the adductor muscle. so well 
exhibited in all the recent and fossil genera composing the Family of 
Calyptreide. That Galeotti was right in placing his shell in 
Pileopsis or in Hipponyx is another question. The Eocene fossil 
may possess characters necessitating for its reception the creation of 
a new generic designation. All I contend for is, that it is not a 
Brachiopod, and in this view I am supported both by Mr. J. G. 
Jeffreys and Mr. Etheridge. Having submitted specimens to Dr. 
Carpenter, he writes—‘< I have carefully examined your two shells, 
and quite agree with you that the Pileopsis variabilis is not the 
attached valve of a Crania, as it does not present the least resem- 
blance in microscopic structure to the shell of that Brachiopod.” 

As we are not yet acquainted with the attached valve of the 
Hocene Crania, and as it has attained larger dimensions than any 
specimens of C. abnormis with which I am acquainted, and as it is 
not the Crania (Pileopsis) variabilis of Galeotti,? and lastly as M. 
Nyst is of so decided an opinion that it is not the same as the Turin 
shell, I propose to give it the name of C. Nysti. I have also ob- 
served that a great number of the specimens of this Crania from 
Dieghem have a worn appearance, and may, perhaps, have lived 
at some distance from the locality or rock in which they are now 
imbedded, and which will account for no specimens of the attached 
valve having been hitherto discovered. 


1 Grou. Maa. Vol. VII. Oct. 1870. ; 

2 Mémoir sur la Constitution Géognostique de la province de Brabant, p. 149. 
Académie de Bruxelles, vol. xii. pl. iii. fig. 8, a, b,c. 1833. 

3 Pileopsis variabilis, Galeotti. Mémoir sur la Constitution Géognostique de la 
province de Brabant, p. 149, pl. iii. fig. 8, a, b,c, published in the Memoirs de I’ Acad. 
de Belgique, vol. xi. 1833. ‘Testa irregulari, variabili, flexuosa, basi sinuosa varia- 
pe “Toc. Celle jolie espéce se trouve dans les sables prés de Melsbrooch, et & 

orest P” 
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4, TerreraToLa GRawvis, Blum., Pi. VIII. Figs. 1, 2. 

This well-known species occurs abundantly in the “ Etage Scaldi- 
sien,” “Sables gris 4 Bryozoaires” (Crag), at Antwerp, and from 
whence M. Nyst has obtained a number of specimens with their 
loop in a perfect state of preservation. This shell is also stated by 
the same paleontologist to occur perhaps likewise in the ‘“ Htage 
Diestien” (=Upper Miocene) at Fort de Vieux Dieux, Antwerp. 
In M. Dewalque’s “Prodrome,’ M. Bosquet quotes the species 
from the “Terrain Tongrien inférieur” of Limbourg, but that 
distinguished paleontologist has recently informed me by letter 
that this identification is more than doubtful, and that there exists 
no positive evidence of the shell having been found in that formation. 

A young specimen (Fig. 2 of our Plate) is also quoted at p. 432 
of M. Dewalque’s “ Prodrome,” under the designation of Terebratula 
cranium (Muller); but no example of that species has been tound, 
to my knowledge, lower down than the Pliocene, and the shell does 
not occur in Belgium. 

5. Terepratuca Bisinvata, Lamarck, Pl. VIII. Figs. 3, 4. 

T. bisinuata is a very rare species in Belgium, as well as in 
England, but more abundant in the Paris basin. Two examples 
only appear to have been hitherto found in the first-named kingdom. 
Of these, one incomplete, but adult specimen (Fig. 3) was obtained 

y M. Vincent from the “Sables Laekeniens inférieur,” Dumont 
=“ Bruxellien Supérieur” of Dewalque (=Barton clay sand), at 
Dieghem, near Brussels. Another smaller example (Fig. 4), agreeing 
with the var. succinea of Deshayes, was found by the late Dr. 
Stacqney at Gand. 

6. Teresraruta Kicxsu, Galeotti, Pl. VIII. Figs. 5, 6, 7. 

Galeotti, Mem. sur la Const. Géognostique du Brabant, Acad. 
des Sciences de Belgique, vol. xii. p. 151, pl. iv. 1837. T. 
trilobata, Galeotti, vol. xii. pl. iv. fig. 16. Zereb. Kicksii, 
hoe Coq. et Polyp. foss. de Belgique, p. 385, pl. xxix. 
ues 

Galeotti’s figures of this remarkable species are neither good nor 
characteristic, and he gave the name Trilobata to fragments of the 
rostral portions of the ventral and dorsal valves of his Tereb. Kicksii 
(PI. VIII. Fig. 7). The species was subsequently well described and 
illustrated by M. Nyst. It varies a good deal in shape, and possesses 
a short loop. It occurs in the ‘“Lackenien inférieur,”’ sables d’Assche 
(=Barton clay), at Gand; also at Dieghem, near Brussels. It is a 
common shell in rocks of a similar age in Switzerland, and I have 
picked it up at Cassel, near Dunkirk. 

7. TeReBRATULINA CAPUT-SERPENTIS, Linné, Pl. VII. Fig. 14. 

This is a rare species in the Belgian Tertiaries. It was found by 
M. Nyst in the “Scaldisien” sables gris (Crag) near Antwerp. 

8. TrrepraTuLina PurToni, Baudon, Pl. VII. Fig. 15. 

Baudon, Notice sur quelques Terebratules der Calcaire Gros- 
sier, p. 16, pl. i. fig. 5, 1855. Deshayes, Desc. des An. 
sans Vert. découverts dans le Bassin de Paris, Sup. p. 149, 
pl. 86, figs. 16-21. 


156 Ff. Davidson—On Tertiary Brachiopoda. 


This species (?) has been well described by the two palzeonto- 
logists above named. It seems, however, to differ very little from 
Terebratulina striatula. A single specimen was found by M. 
Colbeau in the ‘ Laekenien” of Dieghem, near Brussels. It occurs 
abundantly in the Calcaire Grossier at Parnes, Mouchy, and Chaussy 
in France. 

9. T#REBRATULINA ORNATA, Giebel, Pl. VII. Fig. 16. 

T. ornata, Giebel, Jahrbuch fir Mineralogie, 1847. TZ. Nysta, 
Bosquet, Notice sur deux nouveaux Brachiopodes, Acad. 
Royale des Sciences, vol. xiv. pl. vi. 1862. 

This species has been described and figured by M. Bosquet from 
a single dorsal valve, found by himself in the lowest bed of the 
Oligocene formation at Hoesfelt, in the Belgian Limbourg; but he 
informs me by a letter, dated the 26th of April, 1863, that a short 
time after his publication he was able to obtain two examples of the 
Terebratulina ornata of Giebel, the one from Latdorf, the other from 
Westergeln, and that it was then only that he recognized that his 
T. Nysti was the same species. 

10. Arciopr Lerrvrzr, Nyst, Pl. VIII. Fig. 8. 

Described by M. Nyst in M. Th. Lefévre and G. Vincent’s 
paper on the Upper Laekenien fauna of the neighbourhood 
of Brussels, p. 20, pl. iii. figs. 7, 8. 1873. 

Of this small species a single dorsal valve has been found by M. 
Lefévre in the Lower Zone of the Upper Laekenien formation 
(=Boulder-Clay) of Laeken, in Belgium. It belongs to the division 
Cistella, Gray, and which was created for the reception of those 
species with a single median submarginal septum and_ bilobed 
loop. 

11. Mania Nvs7t1, Dewalque, Pl. VII. Figs. 10 to 13. 

Dewalque, Prodrome d’une Description Géologique de la 
Belgique, p. 432. 1868. 

Shell small, triangular, longer than wide, broadly rounded ante- 
riorly, tapering to an acute termination posteriorly. Dorsal valve 
moderately convex, ventral valve slightly deeper than the opposite 
one, without sinus or fold. Beak produced, nearly straight, or very 
slightly incurved at its extremity, and a little less than a fifth of the 
length of the shell. Fissure triangular, large and margined laterally 
by two narrow deltidial plates, commencing under the angular ex- 
tremity of the beak. External surface of both valves marked by 
concentric scaly lines of growth, from which scattered adpressed 
spinules seem to rise. Shell-structure fibrous, no perforations or 
canals being observable. Length two lines, by one and a half in 
breadth, and half a line in depth. Owing to the smallness and 
brittle condition of the shell, it has not been hitherto possible to 
obtain a perfect interior of the dorsal valve. We cannot, therefore, 
give of it a complete diagnosis, but will describe and illustrate what 
we know of it. 

In the interior of the dorsal valve a small cardinal process occupies 
the centre of the hinge-plate. From the inner portion of this plate 
extend two slender longish lamelle (Fig. 11); but as their anterior 
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terminations are broken, we cannot say whether or not they became 
attached to the central vertical septum. Two small curved crura 
project also from the above described lamella, as seen in Fig. 12. 
From under the middle of the hinge-plate a small ridge extends 
along the bottom of the valve to about half the length of the shell, 
and which, as it nears the middle of the walve, forms a high tri- 
angular-shaped vertical plate, almost perpendicular in front. To 
each side of the slanting top, and facing the hinge-plate, are two 
small triangular plates united posteriorly, separate and angular 
anteriorly. Large muscular impressions are also observable on 
either side of the bottom of the valve, close to the vertical septum 
(Fig. 11). In the interior of the ventral valve two strong teeth 
project from the base of the fissure, and a narrow vertical plate 
divides the larger portion of the beak into two portions. 

M. Dewalque did not describe or illustrate his genus and species, 
he simply gave it the name of Mannia, and has requested me to 
point out its characters; but this cannot be done satisfactorily until 
we are in possession of a specimen showing the complete interior of 
the dorsal valve. 

About thirty specimens of this small species were collected by M. 
Dewalque from the top of the Miocene beds (Sables Noir du Systéme 
Diestien), at three miles east of Antwerp. 

12. Rayvcuovetta Nysti, n. sp., Pl. VII. Fig. 17. 

Of this interesting species two ventral valves only were found by 
M. Nyst in the “‘Scaldisien” “sables gris” (Crag) of Antwerp. We 
cannot therefore give a complete description of the shell. These 
valves are triangular in shape, and measure from four lines in length 
to something less in breadth. Under the angular beak may be seen a 
foramen with two narrow labial deltidial plates. The mesial sinus 
occupies about one-third of the breadth of the shell, and commences 
at a short distance from the beak. About seventeen strong angular 
ribs cover its surface, and of these some few bifurcate. The surface 
is also crossed by equidistant scabrose projecting lines of growth. 
In external shape and character it approaches to some recent ex- 
amples of Rh. nigricans. 

13. RuyvwcuoveLLa psirraced, Linné (2), Pl. VII. Fig. 18. 

Two incomplete and worn valves of a Rhynchonella here, with 
some uncertainty, referred to Rk. psittacea, were found by M. Nyst_ 
in the étage Scaldisien ‘Sables Gris” (Crag) of Antwerp. Their 
almost smooth surface, and absence of the fine radiating strize peculiar 
to R. psittacea, render their identification uncertain. They approach 
also in shape and character to some examples of Rh. bipartita of 
Brocchi, as well as to the recent Rh. lucida of Gould. 


In addition to the thirteen Belgian Tertiary species above enume- 
rated, M. Nyst sent ine for examination two other forms (PI. VIII. 
Figs. 9, 10), which he states to have been derived from the Assise 
-Landénien (= Plastic Clay) of Chereq, near Tournay. To one of 
them, Fig. 10, he gives the MS. name of Terebratulina Woodi. The 
other is a Zerebratula, bearing much resemblance to certain forms of 
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' T. biplicata; but as both bear much resemblance to certain Cretaceous 
species, it will be preferable, until more is known respecting the 
age of the rock from which they were derived, to leave their final 
identification an open question. 


APPENDIX. 


Nore on two TERTIARY SPECIES OF BRACHIOPODA FROM THE 
IstaAND OF St. BaRTHOLOMEW, ONE OF THE NoRTH-EASTERN WEST 
Inpi1a Isuanps. 

(PLATE VIII., Fies. 11 anp 12.) 

I am indebted to the kindness of Mr. P. T. Cleve, of Stockholm, 
for the gift of two species of Brachiopoda procured by him from a 
hard compact limestone at St. Bartholomew, and which he mentions 
in his excellent description of that island." 

1. Terebratula carneoides, Guppy, Pl. VIII. Fig. 11. 

In 1866 Mr. Guppy described and figured an incomplete specimen 
of this species, which he had obtained from strata referable to the 
Lower Miocene series near the town of St. Fernando in Trinidad.? 
Since then Mr. Cleve found that the species occurred abundantly, 
and in a perfect state of preservation, in rocks of about a similar 
age in the Island of St. Bartholomew, and of which we here append 
a figure in order to complete the description and illustration pub- 
lished in the Quarterly Journal of the Geological Society. T. car- 
neoides approaches most to 7’. carnea, but differs from T. vitrea by 
the strongly marked curve of its frontal margin. 

2. Argiope Clevei, n. sp., Pl. VIII. Fig. 12. 

Shell semicircular, wider than long, hinge-line as long as the 
greatest width of the shell. Dorsal valve almost flat or very slightly 
convex. Ventral valve convex, and much deeper than the opposite 
one. Area triangular, flat, of moderate width, and perforated by a 
largish foramen. Surface of each valve marked by about twenty- 
two small rounded ribs, of which half the number are short, being 
interpolated between those that radiate direct from the beak to the 
margin. Interior unknown. Length 4, width 5, depth 2 lines. 

Mr. Cleve states that he has found one specimen only of this 
Argiope in the same locality and formation along with T’. carneoides. 
It is remarkable on account of its large size. 


EXPLANATION OF PLATES VII. AND VIII. 
PLATE VII. 


Fies. 1, 2,8. Lingula Dumortieri, Nyst. Crag, Antwerp. 2,3. Museum of Brussels. 
4,5. Discina Suessi, Bosquet. 4. Exterior; 5. Interior of ventral valve 
much enlarged. Middle Oligocene, Elsloo, in the Dutch Limbourg. 
After Bosquet. 
6,7. Crania Nysti, nu. sp. Eocene, Dieghem, near Brussels, and Brussels 
Museum. 60. Enlarged. 


1 On the Geology of the North-eastern West India Islands, Kongl. Svenska 
Vetenskaps-Akademiens Handlingar, Bandet 9, No. 12, 1871 (read 28rd November, 
1870). 

2 Quart. Journ. Geol. Soc. vol. xxii. p. 296, pl. xix. fig. 11., 1866; see also 
“‘ Geologist,’ vol. vil. p. 19. 
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Fics. 8, 9. Pileopsts variabilis, Galeotti (a Gasteropod). Eocene, Dieghem, near 
Brussels. 8. One of Galeotti’s original figures. 9. Another 
specimen showing the horseshoe-shaped muscular impression. 

10 t0 138. Mannia Nysti, Dewalque. 10. Natural size; all the other figures 
greatly enlarged. Upper Miocene, Diest, three miles east of 
Antwerp. 11, 12. Incomplete interior of dorsal valve. 18. 
Section of both valves seen in profile. 

14, 14a. Terebratulina caput-serpentis, Linné. Crag, Antwerp. 14a. Enlarged. 
Near Antwerp. Museum of Brussels. \ 

15, 15a. Terebratulina Putoni, Baudon. Eocene, Dieghem, near Brussels. 
Coll. of M. Colbeau. 15a. Enlarged. 

16, 16a. Terebratulina ornata, Giebel (T. Nysti, Bosquet). Enlarged. Oligo- 
cene formation, Hoesfelt, Belgian Limbourg. After Bosquet. 

17, 17a, 6. Rhynchonella Nysti,n. sp. 17a, 6. Enlarged. Crag, near Antwerp. 

Museum of Brussels. 

18, 18a. Rhynchonella psittacea, Linné (?). Crag, Antwerp. Museum of Brussels, 


PLATE VIII. 


1,2. Terebratula grandis, Blum. Crag, Antwerp. 2. Referred errone- 
» ously to Ter. cranium. Museum of Brussels. 
3,4. Terebratula bisinwata, Lam. 38. Eocene, Dieghem, near Brussels. 
Coll. of Mr. Vincent. 4. var. sawceinea, Desh. Eocene, Gand. 
Coll. of M. Dewalque. 
5to7. Terebratula Kicksii, Galeotti. Eocene. 5, 6. Eocene, Gand (given 
to me by Dr. L.de Koninck). 7. 2 trilobata, Galeotti. Eocene, 
Brussels. 
8, 8a, b. Argiope Lefévrei, Nyst. 8a, 6. Enlarged. Middle Eocene, Laeken. 
After Nyst and Lefévre. 
9. Terebratula ~ (?). Stated to be from the Lowest Eocene (assise 
Landénienne). Cherceq, near Tournay. Museum of Brussels. 
10. Terebratulina Woodi, Nyst MS. Same locality and museum. 
11. Zerebratula carneoides, Guppy. Lowest Miocene (?), St. Bartholomew, 
Eastern West India Islands. Collected by Dr. Cleve. 
12, Argiope Clevei, nu. sp. Same formation and locality. 


IiJ.—Descrietions or New Fossits rrom THE DEVONIAN 
ForMATION OF CANADA. F 
By H. Arteyne Nicuotson, M.D., D.Sc., F.R.S.E. ; 
Professor of Natural History in University College, Toronto. 
(Continued from page 126.) 

Genus Botrrytiopora, Nicholson. Canadian Journal, no. 1xxx. 

Polyzoary calcareous, sessile, and encrusting, forming systems of 
small circular discs, the upper surfaces of which are marked with 
radiating ridges, upon which the cells are carried. Lach disc is 
attached by its entire lower surface, slightly convex above, with a 
central non-poriferous space, round which a number of radiating 
poriferous ridges occupy an exterior slightly elevated zone. Cells 
forming a double series on each ridge, immersed, with rounded 
mouths, which are not elevated in any part of their circumference 
above the general surface. 

I have been unable to refer these singular Polyzoa to any existing 
group, and have, therefore, been compelled to found a new genus for 
their reception. In some respects the genus is allied to Defrancia ; 
but the cells are not tubular, and no portion of them is free, whilst 
the latter genus does not appear to have been ever detected in rocks 
older than the Jurassic. The only Paleozoic genus of Polyzoa 
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which, so far as I am aware, presents even a superficial resemblance 
to Botryllopora, is Hvactinopora, Meek and Worthen. In this latter 
genus, however, though the polyzoary is star-shaped, its internal 
structure is quite peculiar and altogether different from that of the 
former, whilst the entire organism appears to have been free. 

The individual discs of Botryllopora, which, though social, are not 
organically united, present, on the other hand, a striking resem- 
blance to the separate star-shaped elevations of Stellipora (Constel- 
laria) Antheloidea, Hall, from the Lower Silurian; and it may, 
therefore, be proper to say a few words on the structure and affinities 
of this fossil, of which I have examined authentic specimens. 
Stellipora antheloidea occurs in the form of flattened expansions or 
of erect, flattened, sub-palmate fronds. The surface exhibits a vast 
number of little star-shaped elevations, each about a line in diameter, 
and consisting of asmooth, sometimes slightly depressed space, which 
is traversed by five or six obtusely-rounded radiating ridges, which 
do not quite meet in the centre. Each of the ridges of the star is 
covered with rounded calices irregularly disposed in three or four 
rows. The stars are arranged irregularly, generally at intervals of 
from half a line to a line; and the intervals between them are 
occupied by crowded circular pores, which are the mouths of so 
many tubuli. ‘These pores do not encroach upon the spaces between 
the ridges of the stars, and the tubuli of which they are the mouths 
are seen on transverse section to be tabulate, being furnished with 
numerous distinct transverse partitions. It thus appears that Stelli- 
pora antheloidea, Hall, is not a Polyzoon, as believed by D’Orbigny, 
but, as pointed out by Milne Edwards and Haime, a tabulate coral, 
allied to Monticulipora, and presenting in particular a close resem- 
blance to the coral which I have described under the name of 
Callopora imncrassata. 


Borryrzorora socratis, Nicholson. Pl. IX. Fig. 16. 


Polyzoary social, consisting of systems of calcareous discs which 
are adherent by their lower surface to the exterior of foreign bodies, 
and which are not organically connected with one another. The upper 
surface of each disc approximately convex, but with a central de- 
pression or flattened space, surrounded by a series of strong obtuse 
elevated ridges arranged in a radiating manner. ‘The diameter of 
the discs is about a line or a line and a half, and the radiating ridges 
are from eighteen to twenty-six, or more, in number. The ridges 
are unequally developed, some extending nearer to the centre than 
others, and each carries upon its upper surface a double row of 
minute round pores or apertures, the margins of which are not 
elevated above the general surface. The central space of the poly- 
zoary is destitute of cells, and appears to be solid; and this seems 
also generally to be the case with the spaces between the radiating 
_ ridges. In some cases, however, the interradial spaces appear to be 
poriferous in the immediate vicinity of the circumference. 

The groups of this singular Polyzoon are not of very rare occur- 
rence in the Hamilton Formation, growing parasitically upon the 
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exterior of Heliophyllum Halli. It has, at first sight, a close re- 
semblance to a group of little discoid corals, such as Microcyclus, 
attached by the whole of the lower surface; the radiating ridges 
looking like the septa, and the central space representing the calice. 
I do not know of any Paleozoic forms of Polyzoa with which the 
present species could be compared ; and it is readily separated from 
such forms as Defrancia by the entirely different characters of the 
cells, which approach closely in form to those of Retepora, Fenestella, 
and Polypora. The largest group that has come under my notice 
comprises about twenty of the discoid coencecia, mostly in contact, 
but apparently in no way connected with one another directly. 

Locality and Formation—Hamilton Formation, Bartlett’s Mills, 
near Arkona, Bosanquet. 


Crriopora (?) Hamintonensis, Nicholson. Pl. IX. Fig. 17. 


Polyzoary ramose; branches cylindrical, about half a line in 
diameter, dividing dichotomously at intervals of from a line and a 
half to three lines, the angle included between each pair of branches 
being from 40° to 45°. Surface covered with oval, rounded, or sub- 
quadrate cell-mouths, arranged in longitudinal rows, which are sepa- 
rated by delicate thread-like lines or ridges. The cells of contiguous 
rows alternate, so that the apertures come to be also disposed in 
regular diagonal lines. About four rows (sometimes five) occupy 
the width of the stems, the cells having a width of about a tenth of 
a line. About five cells occupy the space of one line measured 
vertically. ‘The interspaces between the mouths of the cells are 
occupied by exceedingly minute tubuli, which form only a single 
row, or are altogether absent on the lines which bound the cells 
laterally, whilst they usually form a double series on the spaces by 
which the cells of a given row are separated vertically. 

This beautiful little fossil occurs in great abundance in some of 
the beds of the Hamilton formation. It is allied to the Ceriopora 
punctata of Goldfuss (Petref. Germ. plate Ixiv. fig. 12), and 
to Millepora interporosa, Phillips (Geology of Yorkshire, vol. ii. 
pl. i. figs. 86-39), especially to the former; but it is distinguished 
from both by perfectly good and easily recognized characters. JI am 
at present unable to decide as to its true generic affinities, and have 
simply referred it provisionally to Ceriopora on account of its close 
relationship to C. punctata, Goldf., which likewise occurs in the 
Devonian Rocks. 

Locality and Formation—Common in the Hamilton Formation, 
Widder, Township of Bosanquet. 


Po~ypora PpuLcHELLA, Nicholson. Pl. IX. Fig. 18. 
Polyzoary infundibuliform or flabellate, often of considerable size. 
Branches nearly straight, radiating from the base, and increasing in 
number by bifurcation at intervals of from two to four lines. About 
six branches in the space of three lines, the diameter of the branches 
being rather more than a quarter of a line, and the interspaces 
slightly less. Dissepiments on the same plane as the outer surface 
of the polyzoary, depressed below the inner surface, short, narrower 

DECADE 11.—VOL. I,—NO. Iv. : 11 


162 Prof. H. A. Nicholson—New Devonian Fossils. 


than the branches, and placed at intervals of about half a line apart. 
Fenestrules regularly oval, half a line in length, and about a quarter 
of a line in width, four or five in the space of three lines, alternate 
or sub-alternate in contiguous rows. The upper or inner surface of 
the branches carries the cells, three rows of which occur on every 
branch, and sometimes four opposite the origin of the dissepiments. 
The cells are flask-shaped, sometimes slightly unequal in size, their 
mouths round, those of the central row alternating with those of the 
lateral rows. From six to eight pores in the space of a line, or three 
to four in the length of each fenestrule. The reverse face of the 
polyzoary is smooth or obscurely striated. 

The species to which this is most nearly allied is P. Halliana, 
Prout, which occurs in the St. Louis Group of Illinois, and which 
I have likewise detected in the Corniferous formation of Ontario. 
P. pulchella is, however, readily distinguished by the greater develop- 
ment of the.dissepiments, the greater proportionate and absolute 
width of the fenestrules, and the possession of three (instead of four) 
rows of cells on each branch. 

Locality and Formation.—Common in the Corniferous Limestone 
of Port Colborne, and Lot 6, Con. 1, Wainfleet. 


Potypora TENELLA, Nicholson. Pl. IX. Fig. 19, 0. 

Polyzoary small, forming a flattened expansion; branches radiat- 
ing from the base, and increasing by bifurcation at intervals of 
about two lines. Branches narrow, about eight in the space of three 
lines, their width being about a quarter of a line. Fenestrules oval, 
about eight or nine in a space of three lines measured longitudinally, 
and ten in the same space measured diagonally ; the length of each 
about half a line, the width a third less. Dissepiments very short 
and narrow, without pores. Cells arranged in three alternating 
rows on the branches, opening by minute rounded apertures, two 
or three of which occupy the length of a fenestrule. Reverse un- 
known. 

This pretty little species is nearly allied to P. pulchella and P. 
Halliana; but is distinguished by its much more delicate propor- 
tions, its narrower and more closely-set branches, and its smaller 
fenestrules. 

Locality and Formation.—Rare in the Corniferous Limestone, 
Lot 6, Con. 1, Wainfleet. 


Potypora TuBERCULATA, Nicholson. Pl. TX. Fig. 20. 

Polyzoary small, forming a flattened expansion, which springs 
from a strong foot-stalk. Branches radiating from the, base, and 
increasing by bifurcation at intervals of about a line and a half; 
from a third to half a line in breadth, rounded and destitute of 
carinz. Dissepiments very short, widest at their junction with 
the branches. Fenestrules somewhat irregular in shape, usually 
a very long oval, always longer by from one-half to two-thirds than 
wide; having an average width of a third of a line to half a line, by 
a length of one line or a little less. 'T'wo fenestrules in the space of 
two lines measured longitudinally, four in the same space measured 
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transversely ; those of contiguous rows being usually opposite or 
nearly so. Dissepiments non-poriferous. Four (sometimes three) 
alternating rows of cells on each branch, opening by minute rounded 
pores, which are prominently elevated above the general surface. 
Five pores to the length of a fenestrule. Reverse unknown. 

Polyzora tuberculata differs from all the other recorded species 
of the genus, except P. venucosa, McCoy, in the possession of pro- 
minent-edged pores, which give to the celluliferous surface of the 
branches a peculiar tuberculated or pustulose appearance. The 
latter species, however, has exceedingly long and narrow fenestrules, 
with nearly twice as many pores to the length of a fenestrule. I 
have only seen fragmentary examples of this species. 

Locality and Formation.—Rare in the Hamilton Group, Bartlett’s 
Mills, near Arkona, Township of Bosanquet. 


Retepora Puitziipst, Nicholson. Pl. IX. Fig. 21. 

Polyzoary infundibuliform, or forming a flattened expansion. 
Branches slender, fifteen to eighteen in a quarter of an inch 
measured transversely, parallel, flexuous, not united by dissepiments, 
but coalescing at intervals of about a third of a line, and over 
spaces of the same length. Fenestrules oval, six or seven in the 
space of a quarter of an inch measured vertically, seven or eight 
in the same space measured diagonally (five in two lines on an 
average), regularly alternate in contiguous rows. Cells in two 
alternating rows upon each branch, the rows separated in decorti- 
cated specimens by a distinct impressed line. Three cells to the 
length of a fenestrule, sometimes only two; and one or two opposite 
the points where the branches coalesce. Reverse unknown. 

This is a genuine Retepora, and in its general form and its biserial 
cells is closely allied to R. prisca, Goldfuss, which I have found 
abundantly in the Corniferous Limestone of Ontario. It is, how- 
ever, readily distinguished by the more slender, rounded, and ap- 
parently non-angulated branches, the much smaller size of the 
fenestrules, and the greater number of these openings in a given 
space. J have named the species in honour of Professor Phillips, 
to whom we owe so many descriptions of Devonian and Carbonifer- 
ous fossils. 

Locality and Formation.—Corniferous Limestone, Port Colborne. 

(To be concluded in our next Number.) 


* * Plate IX. will accompany the concluding part of this paper in our next Number. 
—Epit. Grou. Maa. 


IV.—HrzonvS, 4 Coat Mrasure Fisu. 
By W. J. Bargas, L.R.C.P. Lond.; M.R.C.S. Eng. 


FJ\HERE appear to be two or three obstacles in the way of a proper 

classification of fossil fishes, and of obtaining sufficient data to 
establish the earliest period cf the earth’s formation, during the 
deposition of which any particular fish existed, the principal obstruc- 
tion being caused by the disconnected manner in which the researches 
have been carried on; for paleontologists, as a rule, confine them- 
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selves to the fauna or flora of the formations that are most exposed 
in their localities, either by nature or by the hand of man. Thus 
paleontologists, living in a district where the extraction of Coal is 
the chief employment, collect and study the remains existing in the 
Carboniferous strata, and often their researches are narrower even 
than this, being confined either to the true Coal Measures or to the 
Subcarboniferous Limestones. In consequence of this limitation of 
inquiry, there is often great ignorance of what passes in districts 
where other formations are worked, and it may very well happen 
that the remains of the same fish or reptile may be found in dif- 
ferent formations, but yet be named differently and considered as 
distinct genera. rrors also arise from collectors following the 
dogmatic statement of some distinguished paleontologist. In this 
manner, Prof. Owen caused great confusion among Coal Measure 
inquirers when he published his ‘‘ Dental Characteristics of Fishes,” 
for in that work he founded numerous new genera upon very small 
data indeed. The confusion in this case, however, was not of long 
duration; for Messrs. Hancock and Atthey (the latter having probably 
the largest collection of Coal Measure Vertebrate remains in the 
Northumbrian district) immediately showed most conclusively, from 
specimens in their possession, that every tooth named by Prof. 
Owen had either been named previously, and of course differently, 
or was simply a tubercle, and not a tooth. I also can emphatically 
confirm their conclusions. In the same manner I consider the state- 
ment of the late Prof. Agassiz, that the fish Hybodus was never 
found below strata of Triassic age, while its ally Cladodus existed in 
the Carboniferous period, has influenced paleontologists to believe 
that all teeth having the characters of Hybodus, and found in the 
Coal Measures, could not be Hybodus, but Cladodus. 'The belief 
that the remains of the former fish are never found in the Coal 
formation has hitherto been universal; yet I have seen specimens 
gathered in Northumberland and Staffordshire that cannot be dis- 
tinguished in any way from the descriptions and drawings given by 
Agassiz in his excellent work ‘“ Poissons Fossiles.’”’ In fact that is 
the only work, combining both Hybodus and Cladodus, that I have 
access to, in which I can find any definite descriptions or drawings, 
and these are so good that I cannot do better than quote his words 
and copy his drawings in order to prove that remains of Hybodus are 
found in the Coal Measures. In the second volume of the ‘“ Geo- 
logical Survey of Illinois” there are excellent descriptions and 
engravings of Cladodus. 

In the third volume of the “ Poissons Fossiles” Agassiz says, with 
regard to the geological position of Hybodus, ‘« Nous voyons des dents 
d’ Hybodes apparaitre pour le premiere fois dans le Muschelkalk, se 
continuer dans le Keuper, et devenir trés-nombreuses dans le Lias 
et dans les terrains inférieur du Jura. I] n’y a que la eraie qui ne 
nous ait pas fourni de dent qu’on puisse rapporter au rayon de la 
craie de Lewis, que j’ai décrit sous le nom de Hybodus sulcatus. 
Enfin les Hybodes sont complétement étrangers aux terrains tertiaires 
et a l’epoque actuelle, qui ne contiennent ni rayons ni dents de ce 
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type.” Again, as to the position of Cladodus, he remarks, “ Toutes 
les espéces comme jusqu’a ce jour proviennent des terraines houil- 
lers.” In the catalogue of the collection of fossils in the Museum of 
Practical Geology, I notice there are not any Hybodi mentioned as 
having been obtained from formations below the Lower Lias, and all 
their Cladodi have been discovered in the Carboniferous Limestone, 
and not in the true Coal Measures. The specimens of Cladodus 
described in the second volume of the “Geological Survey of 
Illinois” were obtained both from the Coal Measures and from the 
Subcarboniferous Limestone, but principally from the latter. The 
true Coal Measures have supplied the Cladodi in my possession, and 
all that I have observed in the collections of other local palzeonto- 
logists. 

Before remarking upon the teeth of Hybodus and Cladodus that 
have been obtained from the true Coal Measures in the Northumbrian 
and other districts, I shall quote the description of those teeth as 
given by Agassiz, and shall then direct attention to a few of his 
engravings of the teeth for the purpose of immediate comparison 
with the drawings of teeth that have been found in the Coal 
Measures and wrongly named Cladodus, and also with specimens of 
true Cladodus obtained from the same Measures. The teeth of 
Hybodus are “En général plutdt gréles que massives, ces dents se 
caracterisent par la présence d’un céne médian ordinairement sensi- 
blement allongé, subulé et pointu. Ce cdne, qui, dans beaucoup 
d’espéces, est aussi long et méme plus long que la base de la dent 
sur laquelle il repose, est flanqué, des deux cdtés d’un certain nombre 
de petits cOnes que nous appeions cones secondaires, et qui vont en 
decroissant du milieu vers les bords, de telle maniére que la plus 
grand est aussi le plus rapproché du céne principal et que le plus 
petit en est le plus éloigné. Le nombre de ces cénes secondaires n'est 
pas toujours égal des deux cétés de la dent; tantdt ce sont les ante- 
rieurs, tant6t les postérieurs, qui sont les plus nombreuse et les plus 
développés. Jusqwici je n’en ai pas remarqué plus de quatre d'un 
c6té, mais souvent il n’y en a qu’un ou deux... . . Le cone principal 
est plus ou moins comprimé de dehors en dedans,...... cet 
aplatissement ne va jamais jusqu’a rendre la externe face de la dent 
tout-d-fait plate ou méme concave. . . . Toute la surface de la dent 
est couvert de plis verticaux, plus ou moins gros, suivant les espéeces, 
mais en général trés-distincts, . . . c’est toujours a la base de l’émail 
que les plis sont le plus accusés. ... La racine de la dent est 
grosse et osseuse. .. . La racine est en général paralléle a la base 
de l’émail. 

After describing the different species of Hybodus, he proceeds to 
give the characteristics of Cladodus, “Les dents de ce genre ont la 
plus grande ressemblance avec celles du genre Hybodus. C'est la 
méme forme élancée du céne médian; le méme aspect plissé de 
Vémail ; les mémes rapports entre la racine et la couronne. Le céne 
principal est également flanqué de chaque cété de cénes secondaires, 

’ mais avec cette différence qu’au lieu d’aller en décroissant du milieu 
vers les bords, ces cones secondaires présentent une disposition inverse, 
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c’est-d-dire que la cOéne secondaire externe est sensiblement plus 
developpé que les autres.” 

According to Agassiz, then, the only external differences between 
Hybodus and Cladodus are, that in the former the secondary denticles 
decrease in size as they proceed from the centre, while in the latter 
they increase; and also that in Hybodus the secondary denticles are 
unequal in number on each side of the principal cone, while in 
Cladodus they are equal on each side of the centre denticle. 

With regard to the microscopical structure of these teeth, the 
above is the only author that I am acquainted with who has described 
it, and he says, ‘“‘ Les dents du genre Cladodus montrent en général 
la méme structure fondamentale que celles des Hybodes;” but he 
considers that in the former teeth the medullary canals are larger 
and branch more seldom, especially in the crown, and that the calci- 
gerous tubes are large, very short, and branch freely. The internal 
differences are, therefore, very slight, if there be any at all; for I 
cannot understand how he arrived at his conclusions about the canals 
and tubules. I have examined numerous teeth of all kinds under 
the microscope, and I should not like to say positively with regard 
to any tooth that it was a different genus merely because the medullary 
canals were larger and branched less than in another specimen 
closely allied to it in external appearance, for in no other character- 
istic do they vary so much; even the teeth of the same species are 
different in this respect. 

We have now seen what are the chief differences between these 
teeth, and what is the geological position which up to this time 
they have been considered to hold. It only remains for me now to 
compare the specimens I have under my notice at present with 
drawings of acknowledged Hybodus and Cladodus from the ‘“ Poissons 
Fossiles ” and “‘ The Geological Survey of Illinois.” 


Teeth of Hybodus (Figs. 1 and 2), compared with teeth of Oladodus (Figs. 3-6). 

[Since the above paper was written I have examined the minute 
structure of the teeth of Hybodus obtained from the Wealden of 
Sussex and from the Northumbrian Coal Measures, and I find that 
they are almost identical. Hngravings, exhibiting their micro- 
scopical structures, appeared in the “Monthly Review of Dental 
Surgery” for February, 1874. ] 
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As I have before remarked, all teeth resembling Hybodus were 
judged to belong to the genus Cladodus if they were found in the 
Carboniferous strata; but in any case, whether they are two different 
genera, or whether they are all Cladodus, their appearance in these 
Measures is very rare indeed. I have examined during the last few 
days the collections of three different local paleontologists, and 
have been able to discover only sixteen teeth among them, all of 
which, however, are very well shown, so that their characteristics 
can be easily detected. Among these sixteen teeth only two present 
the external form and appearance described by Agassiz as belonging 
to Cladodus, one being in the possession of my father, the other 
in the cabinet of Mr. Simm, of Cramlington ; these two teeth I have 
exhibited in Figs. 6 and 7, and for the purpose of comparison J have 
drawn Figs. 4 and 5, the first being Cladodus mirabilis, from fig. 2, 
table 22, of the third volume of the “Poissons Fossiles” ; the second, 
C. lamnoides, from fig. 16, plate i, of the second volume of the 
‘Geological Survey of Illinois.” There can be no doubt, therefore, 
that these are two specimens of true Cladodi teeth, that is, if there 
be such a genus as Cladodus, for I have a very strong impression 
that it is only a variety of Hybodus, but I do not propose to enter 
upon the consideration of that question at present. 

The remaining fourteen teeth do not present any similarity to the 
above drawings and descriptions of Cladodus, but do resemble in 
every particular the description I have given of Hybodus; and the 
comparison of them with acknowledged teeth of Hybodus will, I 
think, remove all doubt that there may yet exist on this subject. 
Figs. 1 and 2 are copies of Hybodus cuspidatus and H. plicatalis 
respectively, as drawn by Agassiz in fig. 6, table 22a, and fig. 11, 
table 24, of the third volume of his great work. Fig. 3 is a tooth 
from the Coal Measures of Staffordshire, and was sent by Mr. Ward, 
of Longton, as a perfect specimen of Cladodus. The specimen is 
certainly perfect, for every trace of shale has been removed from it, 
so that it can be examined on all sides. The remainder of the teeth 
resemble Fig. 3 generally, but differ, as according to Agassiz they 
should, in having the secondary denticles unequally arranged on 
each side of the central cone. The arrangement of the fourteen teeth 
is as follows: in one there is one secondary denticle on one side of 
the principal denticle, and none on the other; this secondary denticle 
is very small, and not well developed, as in Cladodus ; in one there 
is one on each side, neither of which are developed ; in four there 
are two on one side, and one on the other; in two, two on each side; 
in one, three on one side, and one on the other; in three, three on 
one side, and two on the other; in one, four and one respectively ; 
in one, four on one side, and two on the other. In every case where 
there is more than one denticle on one side, they decrease in size, as 
in Fig. 3. It will be observed that the similarity of these teeth 
with the description of Hybodus as given by Agassiz is so complete 
that in no case are there more than four denticles on one side. 

_ These facts prove conclusively that Hybodus existed long before 
the period assigned by Agassiz and other writers, and was probably 
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\ 
as plentiful in the true Coal Measures as in the Lower Lias. Iam 
not aware whether these so-called teeth of Cladodus, which I have 
shown to be Hybodus, have ever been found in the Subcarboniferous 
Limestone, but I know that the teeth of true Cladodi have been 
found in that series of strata. ‘The teeth of both Aybodus and 
Cladodus from these Measures have been obtained in close proximity 
to, and even buried in, masses of shagreen and cartilage, and also 
associated with the spines and tubercles of Ctenacanthus and Gyra- 
canthus. I hope in another paper to show from specimens in my 
possession that Ctenacanthus pertains in all probability to the same 
fish as the teeth of Hybodus, and that it therefore does not belong to 
a separate genus called Ctenacanthus, but to a variety of Hybodus. 


V.—GLACIALOID OR RE-ARRANGED GLACIAL DRIFT. 
By G. H. Kryanan, M.R.1A. 
(Concluded from page 117.) 


Let us now consider the recent drifts that in other places are 
being formed at the present day. In portions of the sea-coast of 
Western Ireland, but especially in Galway and Mayo, there are cliffs 
of glacial drift margining the Atlantic. These are degrading away 
yearly, the detritus being carried away to form submarine and 
estuarine deposits. Generally, on the open seaboard, these materials, 
prior to being re-deposited, are so tossed about that they retain no 
indication of their former origin ; but this is not the case everywhere, 
for in the bays and archipelagos they are in places very little 
changed, and different varieties of drift are being deposited, namely, 
fine silt or mud, sand and gravel, and a nearly unchanged or 
Glacialoid drift, the latter consisting of all or most of the materials 


Diagrammatic Section, showing the relations between an ancient cliff of glacial drift 
and the rearranged or Glacialoid drift with the associated shelly drifts. 
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a D, B, present surface of the ground, due to meteoric denudation. 
C, D, E, ancient cliff of glacial drift. 
: Glacialoid drift, due to meteoric weathering. 
ii Sand. gravel, clay. and marl. 
¢. Glacialoid drift, due to sea action combined with landslips and other meteoric action. 
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of which the cliffs were composed. These varieties of the re-arranged 
drift dovetail or graduate into one another, but most of the mud is 
deposited far out, or in deep still places, while the sand and gravel 
accumulate nearer in shore, or in places where there are currents, 
and the Glacialoid drift is characteristic of the shore deposits. The 
last is principally formed after heavy weather, where the cliffs have 
been undermined or shaken, so that landslips take place. In heavy 
weather these materials due to landslips will be carried out much 
further than ordinary, forming widespread thin sheets, while at 
other times they will be more compact. Sections of such recent accu- 
mulations can seldom be examined, but on rare occasions they are 
exposed during extensive excavations for docks and other sea works. 
It can easily be understood, as the sea only denudes the drift forming its 
margin toa certain depth, that underneath these recent marine deposits 
there may be a continuous mass of undisturbed Boulder-clay drift 
(unless it is displaced by Post-Glacial faults) ; while the Glacialoid 
drift may join into the glacial drift, but although it may be very 
similar in aspect, is in reality unconnected with it, and a member of 
the more recent marine drift, the blocks and fragments that give 
it its supposed glacial character having been derived nearly un- 
changed from the Boulder-clay drift. It should also be mentioned 
that in many of the deposits of Glacialoid drift accumulating in these 
estuaries and bays, most of the blocks and fragments of stone, as In 
some river gravels, are arranged more or less on edge.’ 

What is now happening in places on the west coast of Ireland 
seems to be nearly similar to that which in former ages took place 


1 This pitching or being on edge of the blocks and fragments of the “re-arranged 
glacial drift” I have observed in the drift in different places; but in none do they ap- 
pear to be so conspicuous as in the co. Wexford, where they are characteristic of the 
Glacialoid drift, some of these drift sections being a mile or more in length. In accumu- 
lations forming at the present day I have observed blocks or fragments on edge in the 
following : at the bends of rivers, especially in mountain streams ; in masses of drift due 
to landslips, where the mass has slipped outwards, and not gone down perpendicularly ; 
and in the in-shore accumulations in estuaries, where the drift between the base of 
the cliff and low water-mark may have all or most of the contained blocks and frag- 
ments on edge. I can also imagine shore-ice or an iceberg pushing along on a mass 
of drift would shove up the blocks and fragments. Mr. A. Wyley, late geologist to 
the Government of the Cape of Good Hope, thus writes on the subject :—‘‘ A solid 
body, such asa landslip or a moving iceberg, would, I fancy, lift stones off the flat, and 
set them on edge; the horizontal thrust in either case overcoming the force of 
gravity and acting at right angles to the same. In other words, as, under the action 
of gravity, flat stones arrange themselves at right angles to the force, so, in case of a 
force acting at right angles to the force of gravity, it is natural that the flat stones 
should change their position in the same degree; but as the force of gravity would 
still be acting, their position would in most cases be determined by a ‘component’ 
of the two forces. This explanation will only apply to where the mass of mud has 
been moved by some strong horizontal force, and may also account for the fact of the 
more or less upright position of slates and such like stones at river bends, where there 
is always a strong horizontal force in the eddy.” In the co. Wexford the upright 
position of the stones may in part be due to shore-ice or spranded icebergs; but it 
seems more probable that the drift was similarly formed to the shore accumulations 
of some estuaries of the present day, as all these drifts are adjoining what must have 
been land when the shelly drifts were being deposited, the great lengths of the 
sections being due to the present cliffs running with very similar, if not nearly 
identical, bearing to the cliffs that bounded the Pre-drift islands. 
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in the south-east of Ireland. In the area comprising the greater 
portion of the co. Wexford, and the south-east part of the co. 
Wicklow, it is quite apparent that prior to the glacial period the 
principal valleys were more or less excavated or opened along lines 
of breaks and other weak portions of the subjacent rocks. Afterwards 
some of these valleys were obliterated by large accumulations of 
Boulder-clay drift; while others, as Dana has pointed out of other 
places, were during the glacial period occupied by sub-glacier rivers. 
Subsequently some of the filled valleys were more or less re-exca- 
vated, and during the Esker sea period most, if not all, of them 
below the 250 feet contour line were filled by shelly drifts, to be 
again re-excavated in more recent times, partly by marine and partly 
by meteoric denudation. 

During the “ Esker sea period” the area we are now considering 
was an archipelago, studded with various shoals and islands, the 
largest of the latter being the land that is now known as the Forth 
or Three Rock Mountains ; and through this archipelago the principal 
currents seem to have flowed from the southward towards the 
northward. 


1 Off the present coast of south-east Ireland the principal current runs from 
south towards north; and from the headlands, bars and banks extend northward, in 
which the materials become finer as we proceed in that direction ; while westward, or 
inside these bars and banks, fine materials are accumulated. On the coast south of 
the headlands, which are open to the full force of the current, the accumulation is 
well-washed sand, gravel, or shingle: and, as similar relations exist between the dif- 
ferent deposits and the ancient islands and shore-line of the sea of the “ Esker 
period” in this part of Ireland, we are led to believe that then, as now, the principal 
current flowed from southward to northward. It is commonly believed that the 
chalks and flints found in the drifts of the cos. Wicklow and Wexford come from 
Antrim in the north of Ireland. I, however, see no reason for such a supposition ; for 
if they came thence, the drifts, as we proceed northward along the coast through the 
counties of Dublin, Meath, Louth, and Down, ought to become more and more 
chalky, which is not the case; for when we proceed northward out of Wexford, we lose 
all the great marl deposits, such as would be formed from the denudation of chalk. 
The marls of Wexford and the adjoining portion of Wicklow would seem to be the 
washing from some of the chalk in England or France, while the sands associated with 
the marls are similar to the detritus formed by marine or meteoric abrasion from the 
associated rocks of the greensand formation. Furthermore, the pieces of chalk found 
in the drift are more like the hard beds in the English chalk, the ‘‘ Chalk rock”’ of 
Whitaker, than any of the Antrim chalk. Mr. Wyley, however, who has carefully ex- 
amined the counties Wicklow and Wexford, thus writes :—-‘‘ That the chalk flints are 
from the Irish chalk, not necessarily from Antrim, is proved by the following consider- 
ations. A very large proportion of the flints are altered into jasper of various sorts ; 
many are agates and chalcedonys, which are only found when the chalk has been 
subjected to strong volcanic action, as in the North of Ireland. Besides, I have in 
my possession a flint, picked up near Carn Point, with a peculiar coral, at once 
identified by the late Mr. G. V. Du Noyer as similar to ones he had seen in the 
chalk of the North. The abundance of these flints and jaspers at Carn Point and 
thereabouts, as well as in the bight of Cardigan Bay, at Aberystwith, etc., on the 
same parallel, simply arises from the continual tidal action grinding all into sand 
and mud except the flints. These I consider are all out of one of the drifts, and 
that not the marl; probably the old glacial drift, which, as indicated by the rock 
markings of the district, came from the N.W. It is barely possible, as the chalk 
or its equivalents extends through Belgium and Northern and Eastern France to 
Northern Germany and east of the Elbe in Bohemia and still further eastward, they 
may at one time have possibly extended to the valley between Carn Point and the 
Welsh coast, the present St. George’s Channel. In the great limestone plain of 
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Some of the islands were rocky masses or rocky detritus, while 
many of them, especially those to. the south-east, were composed 
wholly of glacial drift. During the “Esker sea period ” the islands, 
wholly or partly formed of drift, were more or less denuded, some 
being totally submerged, while others, when the land finally began to 
rise again, were bounded by drift cliffs of a greater or less height. 
During the progress of the denudation of these islands various layers 
and beds of re-arranged or Glacialoid drift must have been deposited, 
interstratified with and graduating into the sands, clays, and marls; 
while subsequently to the retreat of the waters the drift cliffs would 
slip and weather away, forming a drift talus over the other drift, more 
or less long, according to the nature of the materials that formed the 
drift cliff (see sketch, p. 168). The drift in these meteoric slopes would 
necessarily be very similar to the drift in the original cliffs, being com- 
posed of the same materials; and if the cliffs consisted of glacial drift, 
the meteoric talus would be almost undistinguishable from glacial 
drift: yet of course it could not be so classed, as it had been re-arranged 
by meteoric action, and would be more or less stratified, while typical 
glacial drift is unstratified. In some of the valleys of the Carlow 
Hills, Glacialoid drift, due to meteoric action, is found extending in 
thin sheets for over 100 yards on to recent peat, so that the turf-cutters 
have to clear away from one to twelve inches in thickness of drift 
before they come to the peat; yet this “clearing” graduates into a 
drift that would by many be called glacial. Some of the re-arranged 
drifts, capping the shelly drift of the co. Wexford, are typical 
Glacialoid drift; but others which have covered them to a consider- 
able depth, and now extend a long way over them, are similar, ex- 
cept that they are stratified, to the peculiar drift made up of rock 
detritus so common in parts of Waterford, Kilkenny, and other 
places in Ireland. This kind of drift' forms in places high sea-cliffs ; 
and if such cliffs were exposed to much meteoric abrasion, they would 
form longer slopes than the weathering of typical glacial drift. When 
this class of drift overlies the marl in the vicinity of the hills that 
during the Esker sea period must have been islands, there are often, at 
the height of a few feet above the marl, lenticular sheets of a brecciated 
drift, locally called “rubble beds,” made up of angular blocks from 
six to twelve, or even eighteen or twenty-four inches long, similar 
to the shoreformation found in the recent marine depositions close to 
the base of some sea-cliffs. This breccia ranges from a few inches 


Treland and the Silurians and granites to the east of it there are ample materials for 
the formation of the Wexford marls, in which you will find, though rarely, limestone 
pebbles. I always looked on these marls as the deep-water representatives of the 
limestone [Esker] gravels which choked up all the valleys through the mountains to 
the west and north-west, while the marls and clays were deposited in the shelter of 
the latter.” 

1 This peculiar drift is often similar in aspect to the “foundation” or “broken 
shelf” (of the miner), made up of the underlying rock debris, found in many places 
between the typical glacial drift and the solid rock. In Tyrone, Londonderry, Gal- 
way, and many other places, it lies between the glacial drift and the rock, and is 
of inconsiderable thickness; but in some of the southern counties it is of a great 
thickness, and unassociated with any typical glacial drift. The rocks under it I have 
never found to be ice-dressed, 
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to two or three feet in thickness. The re-arranged angular detritus 
in the marl pits, north of the Forth Mountains, is rarely over eight 
or ten feet deep, though this is probably not its maximum thickness, 
as a marl deposited near a high cliff ought to have a greater depth of 
this detritus over it, and in some sections on the coast the detritus 
covering is much thicker ; therefore it is probable that inland its full 
thickness has not been discovered, as the raising of the marl would 
not pay if too great a surface had to be removed. bs 

It has now been demonstrated that all the so-called “upper glacial 
drift” of S.E. Ireland is probably only Glacialoid drift, or ‘“re- 
arranged glacial drift,” either by marine or meteoric action. It 
must, however, be allowed, as pointed out by me in a former paper,’ 
that during the ‘“‘ Esker sea period” some of the mountain groups 
had still their glaciers, and possibly during this time some glaciers 
may have existed in the valleys of the Wicklow and Carlow Hills, 
which sent down their detritus on to the shelly drifts ; consequently 
in a few subordinate places a true glacial drift may cap the shelly 
drifts; such deposits, if they exist, must necessarily be isolated, and 
of subordinate importance, and do not affect the general question. 

The loose practice, adopted by many observers, of grouping 
together Glacial and “re-arranged or Glacialoid drift,” has led them 
into the error of imagining that two distinct Glacial periods existed 
over tracts of country, where in reality there is only evidence for 
one; the re-arranged or Glacialoid drift being a member of the 
gravelly or fossiliferous drift, all being products produced contem- 
poraneously by very similar causes. If, however, they still insist 
on keeping the stratified re-arranged glacial drift as a member of the 
Glacial group, they should also include therein the Esker and other 
gravels and sands, and every kind of accumulation that has been 
formed by the re-arrangement of the glacial drift. 

In a paper like this some reference should be made to the shelly 
drifts of the Wicklow and Dublin Mountains, which were found at 
an altitude of about 1200 feet, by the Rev. M. H. Close on the 
Three-rock Mountain. This extraordinary height to which the 
shelly drift ranges in this portion of the mountain group it is 
hard to account for; but I am led to believe it is due to the elevation 
of an oblong tract with a general N.N.H. and 8.8.W. direction, here 
raised, much more than in the rest of the country, while associated 
with the elevation was the formation of great Post-glacial faults.” 
These N.N.E. and §.8.W. curves of elevations and their associated 
faults would seem to have had their greatest upthrow in the neigh- 


1 Notes on some of the Drift in Ireland, Dublin Quarterly Journal of Sciences, 
vol. vi. p. 249 et seq. 

2 The faults traversing this country have not been worked out; but I would suggest 
that a fault with an upthrow to the N.N.W. runs along the valley of the Bray river. 
This, however, would seem to be shifted and displaced by transverse faults, such as the 
faults in Glencullen, Sally Gap, Glenmacanass, Glenavonbeg, ete. ; while there are 
marked axes of elevation, nearly parallel to the valley of the Bray river, one crossing 
the mountains obliquely in a $.S.W. line from ‘Laragh, while a second nearly 
parallel, occurs a little further to the N.N.W. 
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bourhood of the Three-rock Mountain, it diminishing gradually to- 
wards the $.8.W., but more rapidly towards the N.N.H.? 

In favour of the supposition that the great altitudes of the shelly 
deposits in the mountains at the junction of the counties of Dublin 
and Wicklow are due to the combination of axes of elevation and 
great faults, it may be pointed out that in the country to the N.W. 
of these hills, if we come 8.8.H. from the central plain of Ireland to 
the Dublin and Wicklow hills, it will be found that the altitude of 
the gravelly drift gradually increases; while south of this mountain 
range in the co. Wexford, according to Mr. Wyley’s observations, 
this drift is not to be found higher than the 300 feet contour line. 
These anticlinal curves, with their accompanying faults, must be 
more or less shifted by the more recent faults of the valley of the 
Barrow, and of the other nearly N. and S. fissures, as west of the 
Barrow fault the altitudes at which the shelly drift is recorded are 
much less than those to the east. The following are the localities 
associated with the Dublin and Wicklow hills and east of the 
Barrow valley fault, in which shells are recorded: near Three 
Rock Mountain 1200 feet, Rev. M. H. Close; Sugarloaf Mountain 
600 feet, Dr. Oldham; Bohernabreena, between 400 and 450 feet, 
Dr. J. R. Kinahan; Telegraph-hill, Killiney, 400 feet, Dr. Oldham; 
and at Naas, 380 feet, Dr. Oldham. West of the Barrow valley 
fault shelly drifts are’ only recorded in two places, both by Dr. 
Oldham, one in the range of hills immediately west of the 
fault, “‘on the flanks of the elevated coal-field, between Athy 
and Castlecomer”’ [height not given], and the other on the N.W. of 
the Slieve Bloom range at Roscrea, co. Tipperary, at a height of 
400 feet. 

In conclusion, I would wish to draw attention to the fossiliferous 
drifts that in places have been found under glacial drift, and have 
been called by me in previous writings “ Pre-glacial drift.” [Mem. 
Geol. Survey, Ex. Sheets 115 and 116, page 28; Gnon. Mac. Oct. 
1865.|] These are indeed to a certain extent pre-glacial, as they 
occur under glacial drift; but it appears probable that they would be 
more correctly spoken of as Intraglacial beds, being older than a 
portion at least of the Moraine drift of the adjacent height, but 
newer than the Boulder-clay drift of the central plain of Ireland. 
This drift at present seems to be only recorded in three places, 
namely, Boleyneendorrish river valley, adjacent to Gort, co. Galway, 
where it was observed by myself; in a pit at the Newtown colliery, 
Queen’s co., where it was discovered by Mr. B. B. Edge, of Clonbrock 
Ho; and near Nenagh, co. Tipperary, where it was recorded by Mr. 
Wilkinson ; the lignyte and associated beds at Lough Neagh, cos. 
Tyrone and Derry, and the deposits of pipe clay with lignyte in the 


1 It should be mentioned that on the east of the St. George’s Channel, opposite 
to those in Wicklow, are found still higher deposits of shelly drift. The Welsh 
shelly drifts are, however, separated from those in, Wicklow by the system of 
faults that occur in the valley of St. George’s Channel, which is probably in the 
aggregate a great downthrow to the westward, as the drift in the east margin of 
Ireland seems to rise towards the upthrow of a fault. : 
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vicinity of Cahir, co. Tipperary, may possibly be other representatives 
of this drift. In the first locality it lies under a drift which seems to 
be due to a glacier that came down one of the valleys of Slieve 
Aughta, and probably was entombed during a severe season, when 
the glacier exceeded its normal length, thereby burying a lacustrine 
accumulation under Moraine drift. In the second case the inter- 
bedded peat occurs on very high ground, and is undoubtedly in part 
covered by Moraine drift; but whether the whole of the 96 feet over 
it is of that nature, I cannot say, as the pits were closed long before 
the country was visited.’ Of the third locality only a very scanty 
record is given, and from it the forty feet over the peat might be 
either Boulder-clay or Moraine drift;? there is, however, on that 
country a considerable quantity of Moraine drift that has been sup- 
plied by the ancient glaciers from the neighbouring hills. 

Since the above was sent to press I learn from Prof. J. McK. Hughes, 
of Cambridge, that he believes “the whole of the beds containing the 
recent temperate shells in North Wales and to the north and east of 
St. Asaph are merely the result of a Post-Glacial sea eating back 
cliffs of Boulder-clay.” ‘It is known that there have been great 
changes of level since the great cold, and whenever the sea washed 
the base of a Boulder-clay cliff, it must, as now, have undermined 
it, and mixed up re-sorted Boulder-elay and shells of the later period, 
while here and there great slips would throw old beaches on end 
and bury large masses of clay in sand and shingle.” I also find that 
Professor Hughes has stated this a short time since at a meeting of 
the Geological Society of London.? 
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MINERALOGY. 


I.—Corunptm; its AtTrerations anD AssocrateD Mrnerats. By 
F. A. Gente. Contributions from the Laboratory of the 
University of Pennsylvania, No.1. Pp. 46. 

HIS memoir relates mainly to the occurrence of Corundum in 

North America. The largest deposits occur in the chromiferous 
serpentine, or chrysolite formation, and in the adjacent rocks, 
although the mineral is also found in small quantity in rocks of 

Laurentian age, and in certain slates referred to Dr. Emmons’ 

Taconic system. Dr. Genth thinks it not improbable that the emery 

beds in Asia Minor and in Greece may correspond in age with the 

corundum and emery of the chromiferous region in the States. 

The author describes a large number of minerals which occur 
in association with the American corundum, and are supposed to 
result in some cases from its alteration. Among these substances 
are four new minerals, described under the names of Dudleyite, 
Kerrite, Maconite, and Willcoxite. 


1 Grou. Mac. Oct. 1865, and Mem. Geol. Survey, Ireland, Ex. Sheet 137, p. 50. 
2 Paper by ‘I’. Oldham, M.R.I.A., Journ. Geol. Soc. Dublin, vol. ii. p. 198. 
3 Gro, Mac, Jan. 1874. 
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Dr. Genth’s studies lead him to conclude—“1. That at the great 
period when the chromiferous chrysolite beds (in part subsequently 
altered into serpentine, etc.) were deposited, a large quantity of 
alumina was separated, which formed beds of corundum. 2. That 
this corundum has subsequently been acted upon, and thus been 
changed into various minerals, such as spinel, fibrolite, cyanite, and 
perhaps into some varieties of felspar; also into tourmaline, 
damourite, chlorite, and margarite. 38. That a part of the products 
of the alteration of corundum still exists in the form of large beds 
of mica- (damourite-) and chlorite-slates or schists. 4. That another 
part has been further altered and converted into other minerals and 
rocks, such as pyrophyllite, paragonite, beauxite, lazulite, ete.” 


FE. W. R. 


I].—On a PsrupomorpHous ForMArTion arrer Frispar. Ueber 
eine pseudomorphe Bildung nach Feldspath. Von Dr. Ricnarp 
v. Drascus. T'schermak’s Mineralogische Mittheilungen, 1878, 
Heft ii. pp. 125-128. 


HE pseudomorphs forming the subject of this communication 
were obtained from a limestone-quarry near Budweis, in 
Bohemia. This limestone incloses, among other minerals, large 
rounded masses of a greenish substance, resembling steatite. Hach 
mass, when broken open, usually exhibits a white or greyish nucleus 
of ellipsoidal form, sharply separated in most cases from the en- 
veloping mineral. The following analyses exhibit the composition 
of the nucleus (I.) and of the surrounding substance (II.). 


I. IT. 
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It appears from these analyses that the composition of the nucleus 
is that of a felspar approximating to andesine; whilst the green in- 
vesting mineral stands near to pennine or to pseudophite, and is 
evidently a product of the alteration of the felspar. SW 


TII.—On Synerntrze. Ueber den Syngenit. Von deme. M. v. Ritter 
v. ZupHARovicH. Sitzungsb. d. k. Akad. d. Wissensch.: Math.- 
Naturw. Classe. lxvii., 1873, pp. 128-142. 


YNGENITH is a new mineral species, discovered a short time since 
in the salt-deposits of Kalusz, in Eastern Galicia. It occurs in 
association with cubic crystals of rock-salt, and in general appearance 
resembles gypsum, from which it differs, however, both in its hard- 
ness and in the character of its cleavage. Chemical examination 
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showed that it was closely related to polyhalite, and this relation 
suggested to Zepharovich the specific name (cuyyevns, related). 
~ Syngenite is a hydrous double sulphate of calcium and potassium, 
containing CaK,S,0,.H,0 (corresponding to the rational formula 
Ca0-SO,+K,0-SO,+H,0). Its crystals, though commonly affecting 
a monoclinic habit, were originally described as rhombic, partly on 
account of their. optical characters, and partly because their forms 
resembled those of the corresponding artificial salt, which was be- 
lieved to be rhombic. The present paper describes in great detail 
the crystallographic and optical characters of Syngenite, and the 
author shows that both this mineral and the artificial salt must be 
referred to the monoclinic system. 

The mineral recently described by Rumpf under the name of 
Kaluszite seems to be identical with Syngenite. 

Zepharovich’s paper is accompanied by figures of the principal 
combinations exhibited by the crystals of syngenite, and by a stereo- 
graphic projection of the poles of 21 observed planes. PF. W. BR. 


PETROLOGY. 


TV.—Microscoric Examination oF somE PoRPHYRITES AND ALLIED 
Rocks From THE District or THE Naue. Mikroskopische 
Untersuchung einiger Porphyrite und verwandter Gesteine 
aus dem Nahe-Gebiete. Von Herrn Prof. A. Strenc. Leonhard 
u. Geinitz’s Neues Jahrb. f. Mineralogie, u.s.w. 1873, Heft iii. 
pp. 225-241. 

OME time ago, Prof. Streng published the results of a micro- 
scopic study of the rock called Palatinite, which occurs in the 

Valley of the Nahe, a tributary to the Rhine. In the present paper 
he extends his researches to the other crystalline rocks associated 
with the Rothliegende of this district, and describes in detail the 
microscopic structure of the following rocks, namely —(1). A 
Quartz-porphyry, from Minster on the Stein. (2). An Orthoclase-por- 
phyry, from the foot of the Unterhauser Berg. (8). A porphyrite, 
from the southern foot of the Gienberg. (4). A grey porphyrite, 
containing tridymite, from near the railway-station of Waldbokel- 
heim. (5). A brown porphyrite, from the same locality. (6). A 
porphyrite, from the valley below Bokenau. (7). A dark porphyrite, 
occurring in loose fragments in this valley. (8). A brownish-grey 
porphyrite, from the same locality. (9). A quartziferous Palatinite, 
from the foot of the Welschberg. 
- These nine rocks fall into a natural series, having at one end a 
quartz-porphyry, containing quartz, orthoclase, a triclinic lime-soda 
felspar, and a little hornblende. By gradual diminution in the 
proportion of quartz and orthoclase, a transition is effected, through 
the quartziferous porphyrite, to the typical porphyrites, which con- 
sist mainly of a lime-soda felspar and hornblende; thence, by 
addition of an augitic mineral and removal of hornblende, a rock 
may be obtained with the composition of Palatinite, which there- 
fore constitutes the final term of this series. FF. W. BR. 
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V.—OssERVATIONS ON THE Derritan T'1n-orE or Cornwaun. By W. 
J. Hunwoop. Journal Royal Institution Cornwall, No. xv. 1874. 
HESE deposits in Cornwall and Devon have been worked for 
ages, and are now nearly exhausted. This paper refers chiefly 

to those few still in progress. 

Between the Land’s End and St. Ives the granite and slate are 
crossed by lodes, differing in direction and character in different parts. 
To the south they are poorer, in the central tract richer, and in one 
spot tin-ore is generally disseminated ; to the north and north-east 
many rich lodes have been and are largely worked, sometimes long 
irregular “ off-shoots” spring from the lodes, and at one place im- 
mense metalliferous masses occur in the granite. In this tract tin- 
ore has been the chief product, though other ores have been worked. 

At Bosworlas a narrow strip of “tin-ground” (granitic gravel, 
with pieces of tin-stone, etc.) is worked, at a depth of about 3ft. from 
the surface, having a sea-ward slope down the ravine, and varying 
much in thickness (Sin. to 30in.) from the uneven surface of the 
granite beneath. 

Near Bejowans the tin-ground occurs at a rather greater depth 
below gravel, sand, and peat. Other places give like sections, and 
generally there is an uneven surface of granite beneath. 

Around the Camborne granite-tract there are lodes with tin-ore, 
especially near the southern boundary, and the streams crossing 
these parts are still worked for tin, the sections being of the same 
kind as before, and the detrital matter sometimes resting on the out- 
crop of tin-bearing veins in the granite. Near Tregedna the stream 
tin-deposit is overlaid by from 20ft. to 30ft. of mould and hardened 
silt. The largest body of stream-tin wrought of late years is near 
Restrouguet-creek, not only by open works, but by shafts 50 or 
60ft. deep, and drifts below the water. 

In the central district (Hensbarrow) tin-ore occurs not only in the 
lodes, but is sometimes scattered through the granite (St. Austell), 
and the detrital deposits on the north and east are still worked. 
Three sections, of varying depth, near St. Austell, show like deposits 
(with peat) to those noticed above, and there are others close by. 
On Tregoss Moors, which are on the slate, often soft, and with 
“elvans,” three shallow sections are still open. 

The eastern district includes the great granitic range, the highest 
part of Cornwall. The granite, slate, elvan, and hornblendic rocks are 
all crossed by lodes and cross-veins. Tin-ore occurs in some of the 
lodes, and also in scattered masses. Near St. Neot stream-tin is worked. 

The water-shed of Cornwall has several flexures, but its range is 
nearly always much nearer to the north coast than to the south; 
consequently the shorter and swifter brooks on the north have 
greater wearing and carrying powers than the longer and slower 
streams on the south, and the former, therefore, deposit very little 
matter in their beds, whilst the latter deposit more. 

The debris of the bed beneath the tin-ground always prevails in 
it. Other ores than tin-ore occur. The proportion of tin-ore in one 
of the richest works scarcely exceeded that in one of the poorest 
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lodes, but the metal from the stream-ore is the best. Gold has been 
-found, but very sparingly, in the detritus of every tin-district. 

The blocks and smaller fragments on the tin-ground show marks 
of abrasion, and the interstices are filled with sand and clay. The 
bed that rests on it is scarcely distinguishable from it, but that its 
ingredients are perhaps less abraded, and that it is almost destitute 
of tin-ore. The bed next above this has a likeness in ‘neighbouring 
valleys, and yet sometimes differs in different parts of the same 
valley: it seems that after the tin-ground was deposited timber 
sometimes flourished in the lower valleys, and brushwood in the up- 
land glens, subsequent change in the relative levels of land and sea 
aifecting the former more than the latter; and that the deposit of 
barren débris was once or twice interrupted by a large formation of 
peat. Vegetable remains of the same kind occur within short verti- 
cal distances from the “tin-ground” both north and south of the 
water-shed. 

The deep valleys which formerly opened to the sea below high- 
water mark, on the south coast, contain alternations of mineral with 
vegetable matter, and of fresh-water with salt-water deposits. 

In the shallow stream-works of the moorlands the upper parts con- 
sist of much the same ingredients as the neighbouring rocks, are like 
the beds of the neighbouring brooks, and are disposed in thin layers 
with clay-partings. 

Detrital tin-ore does not occur only (though chiefly) in the low 
grounds, but has also been found in abraded masses on the slopes of 
hills, whence it has been traced to the parent lodes. 

If detrital tin-ore has also been deposited in the sea, it must be 
covered, as on land, by more recent deposits, soundings having failed 
to find it. At Cligger Head the ore derived from the waste of the 
cliffs is collected. 

The paper concludes with three tables, giving the composition of 
the tin-ground and of the adjoining and neighbouring rocks, the 
comparison of vegetable remains in the upper and lower parts of the 
same and of different valleys, and the mineral composition and 
organic contents of the beds laid open in various stream-works. 

Throughout is a very large number of foot-notes, giving references 
to the many works on the district. 


ViI.—Brier ABsrracts. ‘ 


1873. 
GREENFELL, J. G. Streptorhyncus Kellit. Trans. Clifton Coll. Sct. 
Soc., part iv. pp. 16, 17. 

The shells were found in an “Oolitic” Limestone, from the lower 
part of the Carboniferous Limestone (above the Black Rock), at the 
foot of the gully down to the river from the Downs, and are im- 
portant as showing that Streptorhyncus Kellii of McCoy is only a 
variety of S. crenistria, as suggested by Davidson. The deep mesial 
furrow and the rounded cardinal angles were the points on which 
,McCoy chiefly insisted as specific differences, and in one of these 
specimens the former character occurs with acute cardinal angles, 
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whilst in others the mesial furrow varies very much in depth, being 
almost obliterated in some. 


GRENFELL, J. G. Lower Limestone Shales, Clifton. Trans. Clifton 
Coll. Sci. Soc., part iv. pp. 17-23. 

These beds, consisting of alternations of shale and thin limestones, 
separate the Old Red Sandstone from the Carboniferous Limestone, 
the thickness of the last being 1450 feet, and that of the shales 500. 
The “ bone-bed,” over 100 feet up in the shales, was once taken to 
be their base. 

The new railway gives a good section, a detailed account of which 
(showing 148 beds, with a thickness of over 130 feet) is given, and 
the result of the examination is to throw the “ passage-beds ” of Mr. 
Sanders into the Carboniferous series, and to draw the line sharper 
between that and the Old Red Sandstone—Carboniferous fossils 
having been found to a lower depth than before. 

The bearing that this may have on the “ Devonian question” is 
noticed, and a conglomerate-bed is taken as the top of the Old Red 
Sandstone, which, however, may run a few feet higher. The beds 
seem to thin out rapidly along the strike (S.W.). 


GREENFELL, J.G. Iron Mine recently opened in the Royal York Crescent, 
Cifton. Trans. Clifton Coll. Sci. Soc., part iv. pp. 46-58. 

The mine is sunk in Millstone Grit, the upturned beds of which 
are overlaid by horizontal beds, probably Triassic, five to twelve 
feet thick, and composed of clay with fragments and masses of 
hematite. At another pit, close by, these latter beds have not been 
bottomed at a depth of fifty feet, and a mass of hematite (probably 
lenticular), ten to twelve feet thick, is worked in them: they are the 
débris of the Millstone Grit beds. In the mine (an open pit) there 
are two beds of hematite, each four feet thick, with five of sandstone 
and one of shale (also rich in iron). 

Most of the ore is Limonite, in six varieties; red hematite occurs 
in the inside of lumps of ore, and goethite in crystals coating the 
limonite, and in cavities of the hematite. Quartz and sulphate of 
baryta are associated with the iron-ore, the former disseminated 
through the hematite, and in crystals; as a rule, the silica has been 
deposited after the iron; the sulphate of baryta is in the form of 
small thin tables in cavities in the ore and in the sandstone-matrix. 

The ore was introduced since the deposit of the beds, and the 
author thinks that the cavities in which it is found may have been 
formed by thé dissolving away of limestone that once existed amongst 
the sandstone beds. 

From the perpendicularity of the stalactitic masses of limonite, 
itis clear that the deposit of ore must have taken place after the 
beds were tilted into their present position. If, then, the overlying 
horizontal beds are Triassic, and the lumps of hematite in them 
were derived from the Millstone Grit, we can fix the date of intro- 
duction of the ore, viz. during the Permian and Bunter periods. 
The author thinks that the iron may have been derived from the 
carbonate of iron of the Coal-measures that have been denuded away 
in the neighbourhood. 
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GREENFELL, J. G. Minerals of Clifton and the Neighbourhood. 
Trans. Clifton Coll. Sci. Soc., part iv. pp. 63, 64. 

A list of 30 minerals, giving the formation in which they are 
found, and the forms and conditions in which they occur. 


W. W. 


Mertto, Rev. J. M. On Coal: its Nature and Uses. Trans. Ches- 

terfield and Derbyshire Inst. of Eng., vol. ii. part i. pp. 37-55. 

The author first notices the chemical composition of coal, and the 

evidences of its vegetable origin (in swamps that were slowly sink- 
ing), and then treats of its uses and products. W. W. 


Toptex, W. On the Relation of the Parish Boundaries in the South- 
Kast of England to great Physical Features, particulariy to 
the Chalk Escarpment. Journ. Anthropological Inst., vol. iii. 
pp- 32-55. 

The author points out the connexion between the form of the 
ground and the great physical features of the country, and shows 
that a certain relation exists between them and the boundaries of the 
parishes. This he illustrates more particularly by reference to the 
geology of part of Sussex. 

Looking to the probable state of the country before the earliest 
settlements were made, it appears that the low-lying clayey lands 
were very thickly wooded, the higher lands of moderate elevation 
were in great part covered with wood, whilst the high lands and 
slopes of escarpments were generally open land. 

Hscarpments being mostly formed of porous rocks, resting upon 
strata more or less impervious, are generally found to give out springs 
at their base. Hence the conclusion is justified that the earliest 
settlements in the south of England would take place along the 
wider chalk valleys, in which probably water then flowed, or along 
the foot of the escarpment, where good water, a productive soil, and 
a sheltered situation may be found. The author points out the rela- 
tions of the manor or parish boundaries to the character of the 
country in regard to agricultural and farming capabilities, and de- 
monstrates how these older boundaries are simpler than those of 
parishes subsequently formed. Jn conclusion he directs attention to 
the physical origin of many of the names of the villages. H. B. W. 


REVLEWwWS.- 


‘I.—Tus Naroraist 1n Nroaracua: A Narrative of a Residence 
at the Gold Mines of Chontales; Journeys in the Savannahs 
and Forests, with Observations. on Animals and Plants in 
Reference to the Theory of Evolution of Living Forms. By 
Tuomas Bett, F.G.S., etc., etc. 8vo. pp. 403, with a Map and 
numerous I]lustrations. (London, John Murray. 1874.) 

HE name of the author of this book has already become 
a familiar one in the pages of the Gxonocican Macazine’ 
since its earliest volume. But although a good geologist and 


1 “On the Formation and Preservation of Lakes by Ice-action,” by Thomas Belt, 
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paleontologist, Mr. Belt would probably have never found time to 
write a book of 400 pages had he not been called upon to reside 
for upwards of four years at the Gold-mines of Chontales, in the 
interior of Nicaragua, where he was brought into daily contact with 
Nature in its wildest and grandest luxuriance, in the virgin forest, 
in a district where the rainy season lasts from May till January, 
where the cold sleep of winter is unknown, and perennial moisture 
reions in the soil, perennial summer in the air and vegetation 
luxuriates in ceaseless activity and verdure all the year round (p.59). 

Thus daily surrounded by a vast luxuriance of vegetable and 
animal existences, all new and wonderful, what marvel then that 
a disciple of Henry Walter Bates, ‘the Naturalist on the River 
Amazons,” should have desired to emulate his example, and to do 
for Nicaragua what Bates has done for Brazil. 

Nicaragua—with its vast sweet-water lake, more than 100 miles in 
length, and 40 in breadth, studded here and there with islands, the 
chief of which, Pueblo Grande, is marked by two volcanic cones, 
Madera and Ometépec, the latter rising 5050 feet above the sea; its 
primeval forests, remarkable for the variety and luxuriance of the 
trees composing thei umbrageous masses—offers boundless attrac- 
tions to the Naturalist. Here, too, the Ethnologist traces on all sides 
the ruins of that wonderful Aztec civilization which was in its full 
development 350 years ago, but which the Spanish invaders came 
only to destroy in their thirst for gold, leaving behind them in its 
stead ruin and misery, accompanied by the worst vices of so-called 
‘civilized’ mankind. 

In the sylvan retreat of San Domingo the author appears to have 
made good use of every opportunity his residence afforded to carry 
on careful and accurate Natural History observations, and much of 
his book is occupied with descriptions of the habits and wonderful 
instincts of animals, amounting, Mr. Belt ventures to think, in many 
cases, to as clear an evidence of reasoning intelligence as is claimed 
for man himself. 

The descriptions of the various species of ants are especially 
worthy of notice, and, did space admit, we should like to introduce 
some extracts from this part of Mr. Belt’s book, but are compelled 
to refer our readers to the work itself for these marvels of insect 
life. 

Although spending the greater part of his time in Chontales, Mr. 
Belt made numerous journeys and excursions throughout Nicaragua, 
visiting almost every part of any note: one gathers therefore from 
his descriptions a good general idea of the physical features of the 
country and its heterogeneous population. 

The author briefly notices various volcanos near Granada; for in- 
stance, that of Mombacho, now dormant, which rises to a height of 


Grou. Mac. 1864, Vol. I. p. 87; see also Quart. Journ. Geol. Soc. 1864, vol. 

xx. p. 463; ‘On some Trilobites from the Upper Cambrian Rocks,’ Grou. Mag. 

1867, Vol. IV. p. 294; “On the Lingula Flags of Dolgelly,” Zé¢d. pp. 493, 536; 

and e the ‘‘ Lingula Flags” or ‘“‘ Festiniog Group ”’ of the Dolgelly District, 1868, 
ol. V. p. 5. 
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5000 feet, clothed to the summit with perennial verdure; the volcano 
of Masaya, active at the time of the Spanish Conquest in 1522; close 
to this cone is situated the lake of Masaya, which is of large extent, 
and may perhaps at one time have been an old crater-lake, like that 
of Kilauea, in Hawaii. The walls of this lake are precipitous cliffs, 
348 feet high, composed of massive trachyte, overlain by beds of 
ashes, breccia, and cinders; these are covered by a deposit of fine 
tufa, with imbedded angular masses of trachyte, some of which are 
more than three feet in diameter. The uppermost layer is composed 
of lightly-coberent tufaceous ash, worn into an undulating surface by 
meteoric agents. 

In 1866 Mr. Belt published a paper in the Transactions of the 
Nova Scotian Institute of Natural Science (p. 93), on “the Glacial 
Period in North America”; it is not therefore surprising to find 
the author carrying on his observations of glacial phenomena 
in Central America. Nearly everywhere the author sees evidences 
of ice-action in the accumulations of gravel with boulders of gneiss, 
quartz, trap-rock, and conglomerate. ‘‘The evidences of glacial 
action between Depilto and Ocotal,” writes Mr. Belt (p. 260), 
““were, with one exception, as clear as in any Welsh or Highland 
valley. There were the same rounded and smoothed masses of 
rock, the same moraine-like accumulations of unstratified sand and 
gravel, the same transported boulders that could be traced to their 
parent-rock several miles distant. Zhe single exception was, I saw 
no glacial scratches on the rocks.” 

Without venturing for one moment to call in question Mr. Belt’s 
accuracy as an observer, we cannot help thinking it possible that the 
effects of torrential action, and the accumulations of old sea-coasts, 
may, after elevation of the land and re-arrangement by river- 
action and other causes, be mistaken for glacial moraine matter; at 
any rate, so good an observer as the late Professor Agassiz certainly 
mistook alluvial matter for moraine matter in the Amazons valley.’ 

Again, at p. 262, the author says, “I could no longer withstand 
the evidence that had been gradually accumulating of the presence 
of large glaciers in Central America during the Glacial Period, and 
these once admitted afforded me a solution of many phenomena 
that had before been inexplicable. The immense ridges of Boulder- 
clay between San Rafael and Yales, the long hog-backed hills near 
Tablason, the great transported boulders two leagues beyond 
divbertad, |. ae could all be easily explained on the supposition 
that the ice of the Glacial Period was not confined to extra-tropical 
lands, but in Central America covered all the higher ranges and 
descended in great glaciers to at least as low as the line of country 
now standing at 2000 feet above the sea, and probably much lower.” 

Mr. Belt thinks geologists will be forced to the conclusion that 
“the Glacial Period was not only more extensive than has been 
generally supposed, but that it existed at the same time in the 
northern and southern hemispheres, leaving, at least on the American 


! See letter from Mr. C. F. Hartt, Silliman’s American Journal, No. 19, for July, 
1872, p. 58. See also Geou. Maa. 1878, Vol. X. p. 540. 
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continent, only the lower lands of the tropics free from the icy 
covering.” (p. 265.) 

The author proceeds to show “that there was much extermination 
of animal life during the Glacial Period,” but “that many species 
found a refuge on lands now below the ocean that were uncovered 
by the lowering of the sea, caused by the immense quantity of water 
locked up in frozen masses on the land.” 

“Mr. Alfred Tylor considers that the ice-cap of the Glacial Period 
was the cause of a great reduction of the level of the sea amounting 
to at least 600 feet.1 But (Mr. Belt adds) if we admit that the ice- 
cap existed in both hemispheres at the same time, and extended nearly 
to the equator, we shall have to speculate on a lowering of the level 
of the sea to at least a 1000 feet.” Strangely enough, in the sentence 
which follows this heterodox proposition, the author writes—‘‘ We 
have many facts tending to prove that during the extreme extent of 
the Glacial period the land stood much higher above the sea than tt 
now does.” (p. 267.) Surely herein lies the whole explanation of Mr. 
Belt’s difficulties. Islands and isthmuses are but the highest parts of 
much more extensive tracts of land, which, if elevated by plutonic 
agency, would (without any reduction of the volume of the sea) lay 
bare large tracts of land, often of continental extent, and unite island 
to island, and island to continent, so that the fauna might pass over 
dryshod, and the flora spread without the agency of man or animals 
to act as carriers. 

If such explanations (which are deducible from known causes now 
in operation, and of which instances are actually capable of being 
brought forward in evidence) are amply sufficient to meet these 
zoological and physical geographical problems, why fly to theories 
which, to say the least, overstrain, if they do not actually violate the 
known laws of Nature, and override all our first principles both of 
physics and astronomy ? 

The present day is one of surprises and startling propositions, 
and it cannot be denied that, in the progress of scientific research 
and discovery, many of our preconceived and long-cherished notions 
have been swept clean overboard. It may be that the ideas pro- 
pounded by the author shall hereafter become a part of the geological 
principles of a future day; but will the astronomer and mathemati- 
cian allow as feasible, under any circumstances, the notion of an 
ice-cap 8000 feet or more in thickness simultaneously at each pole, 
and extending thence nearly to the equator over either hemisphere ? 
We hope not; for the prospect presented to the mind’s eye by sucha 
world seems one of the dreariest that man ever pictured, only com- 
parable in its melancholy lifelessness and annihilation to the vast 
frozen wastes of Arctic America and Northern Siberia. Even the 
author would, we think, turn from such a scene of desolation, and 
wish himself back in the virgin forests of Nicaragua, with its spider- 
monkeys and humming-birds, and never desire to see ice again as 
long as he lived! Mr. Belt’s book should be read by all lovers of 
Natural History, and it is just the kind of book to make Naturalists 
of those who are not. 


1 Geox. Mag, 1872, Vol. 1X. p. 392. 
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I.—Tue Coat Frenps or GLoucesTERsHIRE AND SoMERSETSHIRE, 
AND THEIR Resources. By Jonny Anstiz. pp. 103. (London: 
Stanford, 1873.) 

HIS work is devoted to a description of the Coal-basins between 
Tortworth and the Mendip Hills, familiarly known as those of 
Bristol and Radstock, Nailsea, and Clapton-in-Gordano. The last- 
mentionéd is hardly deserving of such prominence, were it not for the 
discovery made known by Mr. Richardson of Coal-measures beneath 
the bed of the Severn, west of Almondsbury, which may possibly 
be connected with the exposures of Coal-measures at Portishead 
Point and Clapton. 

Mr. Anstie gives detailed descriptions of the Coal-strata and of 
the structure of the basins with their many faults and disturbances. 
He has endeavoured to correlate the seams developed at the different 
mines—a feature which may be said to characterize the volume. 
This has not been attempted so thoroughly before. He points out 
the probable further extension of the Coal-measures, and states his 
estimate of the resources of the known area. The bordering rocks 
are briefly alluded to, and the work, which is essentially a practical 
one, is illustrated by nine plates of sections, both horizontal and 
vertical. H. B. W. 


11 —Tue Scuoot Manvat or Geonocy. By the late J. Beers 
Jukes, M.A., F-R.S., for many years Director of the Geological 
Survey of Ireland. Second edition, edited by Aurrep J. Juxus- 
Browne. 8vo. (Edinburgh: Black, 1873.) 

EN years have elapsed since the late Prof. Beete-Jukes brought 
out his ‘School Manual,’ which may be regarded as one of our 

best introductions to the science of Geology. ‘This period, short as 
it may seem, has witnessed considerable progress in the different 
branches of the science ; and to keep acquainted with all the results 
of geological investigation becomes every year a more difficult 
task. This new edition of Mr. Jukes’s little work, which bas been 
prepared by his nephew, seems worthy of its predecessor: the old 
matter has been carefully revised, and much that is new has been 
added. It may be difficult in an elementary work to decide as to 
how much detail to insert; some notices, however, of the North- 
ampton Sand, Speeton Clay, and of the Gravel beds and great chalky 
Boulder-clay of the Hastern Counties might, we think have been 
given with advantage. Nevertheless, omissions such as these will 
not detract from the value of the book, which after all is not to 
describe the geology of a country, but to expound in an elementary 
form the leading principles of the science. This being the case, 
we gladly recommend it. 


IV.—Revve ve Gionocir. Par M. Dutusse et M. pz LAPPARENt. 
Tome x. (Paris, 1873.) 

ee useful contribution to geological literature has now reached 

the tenth volume, and is equally creditable to the editors for 

the care and attention paid to its production as are the preceding 
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volumes. As in the preceding years, the authors give a brief but 
methodical analysis of the numerous geological works and papers 
which were published during the years 1870-71. Among these 
papers many appear in foreign, publications or as separate pamph- 
lets, and might be overlooked, so that their arrangement in these 
annual reports is of great value to the geologist and others interested 
in the science. Besides notices of printed papers, the Revue de 
Géologie contains private communications from geologists and 
engineers, as well as unpublished analyses of rocks, which have 
been undertaken in private laboratories, or in those of the French 
School of Mines, and other establishments; and also notices of the 
works of Italian geologists furnished by MM. A. Caillaux and de 
Mortillet. The subjects are arranged under the following heads : 
Physiographical, Lithological, Historical, Geographical, and Dyna- 
mical Geology. Under these five divisions more than 180 papers 
are noticed, which, together with a list of 440 authors, shows the 
amount of labour bestowed by the editors upon this work. M. Delesse 
has specially charged himself with the lithological part, metamor- 
phism, agricultural geology, and modern phenomena; while M. de 
Lapparent has undertaken the historical geology and the mountain 
systems, the other portions being a joint production.—J. M. 


REPORTS AND PROCHEDIN GS. 


Grotoercan Society or Lonpon.—ANNUAL GENERAL MEEtING.— 
February 20th, 1874.—His Grace the Duke of Argyll, K.T., F.R.S., 
President, in the Chair. The Secretary read the Reports of the 
Council, and of the Library and Museum Committee. The general 
condition of the Society was said to be very satisfactory ; the Society 
was said to be prosperous, and the number of Fellows to have con- 
siderably increased. 

In handing the Wollaston Gold Medal to the Foreign Secretary, 
W. W. Smyth, Esq., for transmission to-Prof. Heer, of Zurich, the 
President referred to the fact that last year the Council had awarded 
the Balance of the proceeds of the Murchison Geological Fund to 
Prof. Heer, and remarked that it gave him much pleasure that the 
Wollaston Medal, the highest honour which the Society had it in 
its power to confer, should be so worthily bestowed. He alluded 
briefly to the labours of Prof. Heer in the difficult departments of 
Fossil Botany and Entomology, and to the admirable works in which 
he had given to the world the results of his indefatigable researches. 

Mr. W. W. Smyth, in reply, said: 

My Lord President,—It is with a great pleasure that I undertake 
the transmission to Prof. Heer of this new testimony of the im- 
portance attached by this Society to his long-continued labours. I 
have received from our valued Foreign Member a letter stating that 
my announcement of the award had found him extended on the bed 
of sickness, and begging me to assure the Society that, but for this 
misfortune, nothing would have given him greater pleasure than to 
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have been present at this Meeting, and to have thanked the Society 
personally for the high honour which has now been awarded to him. 

The President then presented the Balance of the proceeds of the 
Wollaston Donation Fund to the Foreign Secretary for transmission 
to Dr. H. Nyst, of Brussels, remarking that this distinction had 
been well earned by Dr. Nyst by his admirable researches upon the 
Molluscan and other fossil remains of his native country. 

Mr. W. Smyth briefly thanked the President on behalf of Dr. Nyst. 

The President next presented the Murchison Medal to Dr. J. J. 
Bigsby, F.R.S., F.G.S., and remarked in so doing that there was a 
peculiar fitness in this award, which would have met the approval 
of the distinguished geologist in accordance with whose last wishes 
this Medal was given. It was awarded to Dr. Bigsby in recognition 
of his long and valuable labours in that department of geology and 
paleontology with which the name of Murchison is more particularly 
connected. 

Dr. Bigsby replied, thanking the Society for the honour conferred 
upon him, and the President for the terms in which he had spoken 
of his labours. 

The President then handed half the Balance of the proceeds of the 
Murchison Geological Fund to R. Etheridge, Esq., F.R.S., F.G.S., 
for transmission to Ralph Tate, Esq., F.G.S., expressing a hope that 
it would be regarded by him as a testimony of the value set by the 
Society upon his paleontological researches, especially on the Fauna 
of the Lias, and that it would enable him to enlarge the sphere of 
his investigations. 

Mr. Etheridge, in reply, read a suitable letter of acknowledgment 
from Mr. Tate. 

The President then presented to Mr. Alfred Bell the other half of 
the Balance of the proceeds of the Murchison Geological Fund, and 
stated that this was awarded to him in recognition of his valuable 
researches upon the fossils of the newer Tertiary beds of this 
country, and to assist him in the completion of his work upon the 
Crag deposits of the eastern counties. 

Mr. Bell, in reply, said that he was most grateful for this token 
of the Society’s appreciation of the value of his labours. 

The President then proceeded to read his Anniversary Address, in 
which he stated that the pressure of his official duties during the period 
of his Presidency had prevented his keeping himself thoroughly 
acquainted with the recent progress of geological research, and he 
therefore proposed in his present Address te advert rather to those 
questions in geology which seemed to him still to require an answer. 
He referred to the relations between geology and eosmogony, to the 
effects and causes of volcanic and earthquake action, and finally to 
the great questions which are still unsettled as to the origin of life 
and the sequence of organic beings on the face of the earth. The 
Address was prefaced by some obituary notices of Fellows and 
Foreign Members and Correspondents deceased during the past 
year, including Mr. J. Wickham Flower, Mr. J. Garth Marshall, 
Prof. Agassiz, and M. de Verneuil. 
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The Ballot for the Council and Officers was taken, and the fol- 
lowing were duly elected for the ensuing year :—President: John 
Evans, Hsq., F.R.S. Vice-Presidents ; Robert Etheridge, Hsq., 
F.R.S.; R. A. C. Godwin-Austen, Esq., F.R.S.; Sir Charles Lyell, 
Bart., D.O.L., F.R.S.; Joseph Prestwich, Esq., F.R.S. Secretaries: 
David Forbes, Esq., F.R.S.; Rev. T. Wiltshire, M.A. Foreign 
Secretary: Warington W. Smyth, Hsq., M.A., F.R.S.  Zreasurer: J. 
Gwyn Jeffreys, Esq., F.R.S. Council: The Duke of Argyll, K.T., 
D.C.L., F.R.S.; H. Bauerman, Esgq.; Prof. G. Busk, F.R.8.; J. F. 
Campbell, Esq.; Frederic Drew, Hsq.; Sir P. de M. G. Egerton, 
Bart., M.P., F.R.S.; R. Etheridge, Esq., F.R.S.; John Evans, Esq, 
F.R.S., F.S.A.; David Forbes, Hsq., F.R.S.; Capt. Douglas Galton, 
O.B., F.R.S.; R. A. C. Godwin-Austen, Hsq., F.R.S.; J. Gwyn 
Jeffreys, Esq., F.R.S.; Sir Charles Lyell, Bart., D.C.L., F.R.S. ; 
C. J. A. Meyer, Esq.; J. Carrick Moore, Esq., M.A., F.R.S.; Joseph 
Prestwich, Hsq., F.R.S.; Prof. A. C. Ramsay, LL.D., F.R.S.; Samuel 
Sharp, Esq., F.S.A.; Warington W. Smyth, Esq., M.A., F.R.S. ; 
Prof. J. Tennant, F.C.S.; W. Whitaker, Hsq., B.A.; Rev. T. Wilt- 
shire, M.A., F.L.S. ; Henry Woodward, Hsq., F.R.S. 


Gxrotocists’ Assocration.—February 6, 1874.—Henry Wood- 
ward, Hsq., F.R.S., F.G.S., President, in the Chair.—l. “On the 
Probability of Finding Coal in the Eastern Counties.” By John 
Gunn, Hsq., M.A., F.G.S8. 

This paper may be regarded as an application of a former paper, 
“On the Dip of the Chalk,” in order to prove the probability of 
finding Coal in the Eastern Counties. Sections of wells at Harwich, 
Camden Town, and Calais were added to those previously referred 
to at Yarmouth and Norwich. Mr. Gunn observed that the objections 
raised by the late Sir R. I. Murchison were satisfactorily disposed of 
by Mr. Prestwich, who showed, in his Report on the Coal Commis- 
sion, that there was no proof of any deterioration or dying out of 
the measures, as stated by Sir Roderick ; and that Mr. Godwin-Austen, 
in proof of their course along the valleys of the Thames and the 
Kennet, relied upon the opinion now entertained by engineers, “that 
surface features are guides to what long antecedently had taken place 
below, and the reason adduced is that the original sets of disturb- 
ances, which affected old Palzozoic strata, have always been on the 
line of subsequent disturbance, and are actual hinges, as it were, 
upon which these rock masses have moved since, and these rocks 
record these original physical lines in the disturbances which have 
taken place since,” and Mr. Godwin-Austen strongly expressed his 
conviction, by affirming that ‘‘ were Ia Kentish or Essex landowner, 
I should be very much disposed to sink along a line parallel to the 
chalk escarpments of Kent, to the North-Hast of it.” Myr. Gunn, in 
deference to so high an authority, gave the preference to a boring on 
the south of Essex, and proceeded next to build upon the above- 
established facts the grounds on which he recommended another 
boring at Hunstanton, or along the outcrop of the Kimmeridge Clay 
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in Norfolk. He detailed the several papers which he had read at 
the Meetings of the British Association at Nottingham, Brighton, 
and Bradford, in proof of the existence of a Forest-bed in Norfolk 
and Suffolk, which he called the Anglo-Belgian basin, of a succession 
of growths of forests, and of alternate elevations and depressions 
which have taken place in that region, and argued thence by analogy 
the extreme probability that such existed in the Carboniferous epoch. 
He relied upon the fact that such coal-deposits would be at a work- 
able depth, in consequence of the elevation of the land at Hunstanton 
about 1700 feet above its original position at Yarmouth; and this 
upheaval of the chalk afforded a complete refutation of Prof. Hull’s 
statement, founded on the supposed dip of the slaty rocks of the 
Harwich boring, namely, that an old Paleozoic land-surface extended 
from Harwich over all the Eastern Counties into Scandinavia, as 
represented in his Map, appended to the Report of the Coal Com- 
mission, and that this old high and dry surface was incapable of 
coal-growth. Mr. Gunn submitted that, if the southerly dip of the 
Harwich slaty rock extended in a northerly direction, it must have 
been reached at the Norwich boring, which was sunk considerably 
lower than that at Harwich, and did not pierce through the Gault. 
Mr. Gunn dwelt especially upon this as the most serious objection to 
the prospect of reaching coal at Hunstanton, or rather a Carbon- 
iferous bed, an opinion expressed so strongly by the Professor at the 
meeting at Brighton. Mr. Gunn also referred to the evidence of 
local subterranean movements in proof of the proximity of disturb- 
ances acting upon what he regarded as a thin envelope of Tertiary and 
Secondary deposits, probably not exceeding 1000 feet, and perhaps 
much less. He referred to the evidence of boulders, which he hoped 
to adduce on a future occasion. 


2.—“On the Geology of Nottingham.” By the Rev. A. Irving, 
B.A., F.G.8. Part I. 


CORRESPONDENCE. 


MR. JAMES GEIKIE ON SCOTCH AND ENGLISH DRIFTS. 

Str,—Those who have read Mr. J. Geikie’s papers in Vols. VIII. 
and IX. of the Grou. Mae. will perceive that in his new work called 
“The Great Ice Age” he has changed his opinion concerning the 
correlation of Scotch and English Drifts. Instead of lumping to- 
gether the three great drifts of the N.W. of England as varieties of 
“Tull,” he now agrees with the opinion I published in the Grou. 
Mace. for Sept. 1872 (Vol. IX.), namely, that “the eskers of Ireland 
and kames of Scotland were piled up during some part of the [N.W. 
of England] middle sand and gravel period,” and that the upper or 
brick clay is the representative of the Scotch shelly clay. This 
change of opinion has, I fancy, enabled Mr. Geikie to correlate more 
readily the drifts of this country with those of Sweden and America. 
Mr. Kinahan, in the last Number of the Grou. Mae., does not believe 
in the existence of a decided upper Boulder-clay in Ireland. In the 
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N.W. of England it is a strikingly original formation, as proved by 
the freshness of the numerous and generally parallel striz on the 
included stones. It is, however, confined to low levels. 

D. Mackinrosa. 


FURTHER REMARKS ON VULCANICITY. 

Str,—The statement of your footnote at p. 127 of my Reply to 
Mr. Scrope (Grou. Mac. for March, 1874), in which you say that 
“Mr. Mallet in this and other passages certainly misapprehends 
Mr. Scrope,” does not seem to me justified by the facts, and I beg 
of you to permit me to explain why. 

The objections made by me to the supposition of a thin crust and 
a great liquid nucleus are alike applied by me to the hypothesis of 
Hopkins, of a thin crust covering his subterranean liquid lava lakes. 
I have throughout my reply linked these together. Whether, there- 
fore, Mr. Scrope now continues to adhere to the former notion, as I 
am warranted in taking from the tenor of almost all his writings,— 
or whether, as in the papers in the Gron. Mag. Vois. V. and VI., to 
which you direct attention, he more recently is disposed to abandon 
the moribund thin crust and liquid nucleus theory, and to fall 
back upon the thin crust and fiery lakes of Hopkins (for the views 
in the papers above referred to seem to me neither more nor less 
than that),—I have not, as I believe,—certainly not consciously,— 
misapprehended Mr. Scrope. The difficulties of Hopkins’ notion, as 
adopted by Mr. Scrope, are just as great as those of the older one of 
thin crust and liquid nucleus, with this additional disadvantage,— 
that whereas the latter is an assumption that may stand alone, the 
former (Hopkins’ or Mr. Scrope’s) is an hypothesis as arbitrary, and 
which cannot be admitted at ali without admitting another hypo- 
thesis previously, upon which it must depend. 

10th March, 1874. Ropert Maret. 


ORIGIN OF THE FLEET. 

Sir,—I can assure Col. Greenwood that I have read his valuable 
book more than once, and each time with considerable profit to 
myself; still I cannot agree with all his conclusions. My paper on 
the origin of the Lagoon called the Fleet is not as explicit as I 
would wish, as I intended to point out that the sea-banks are due to 
the principal currents, which are usually the incoming tidal currents. 
In some places, as off the S.E. coast of Ireland, the prevailing winds 
and incoming tidal currents act conjointly ; but west of Carnsore 
point [the §.H. headland of Ireland] there are cross-tides, apparently 
due to the curl round the Salter Islands: and here we find, at the 
lagoon called Ballyteige mudlands, that the beach travels from 
Crossfarnoge Point towards the W.N.W., although the prevailing 
winds are from the S.W. and S.S.W.; while on the coast of Mayo, be- 
tween Killiney Bay and Clew Bay [a coast apparently most favourable 
to the formation of bars and lagoons], the beach has no regular set, 
but goes sometimes north, at other times south, or inland or seaward, 
although there are on this coast nearly constant winds from between 
the south and west, generally a few points off S.W. From what I 
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have seen, it would appear that, no matter how the wind blows, it has 
very little effect on shingle beaches, except while the tide is coming 
in; on sand beaches, however, it is otherwise, as the wind acts most 
eae the tide is out, as it has a greater extent of bare sand to blow 
over. Perhaps, however, it is not fair to draw a comparison between 
the tidal work in the open seas west and south of Ireland with that 
effected in the narrow seas round Hngland, as in the first there may 
be great oceanic waves rolling in, unaccompanied by wind, which, 
as on the previously-mentioned coast of Mayo, may obliterate all 
windwork ; while in narrow English seas windwork ought to be 
more effective. Col. Greenwood in his letter (Guon. Mac. March 
1874, p. 143) states: “It is the prevalent 8.W. wind which throws 
beaches across the mouths of our streams on the south coast,’”’— while 
I would suggest that it is the incoming tidal current from the 
W.S.W., aided in part by the wind, that is the great worker ; for if 
wind could act alone, in no place would we find a beach travelling 
up wind. 

On a coast where there are never any breakers or high waves 
except during winds, a vessel could not be floated by the tidal cur- 
rent over one of these sea-banks. But all shores are not so situated ; 
for at Aranmore, at the entrance of Galway Bay, on the 15th Aug. 
1862, during a perfect calm, a wave, over twenty-five feet high, came 
in and swept 15 people off who were fishing on the Glassan rock: 
while at the same island, in 4.p. 1640, a wave, at least 60 feet high, 
came in and swept over the low portion of the island known as 
the Blind Sound [ Mem. Geol. Survey, Ex. Sheets, 103 and 1138, p. 12]. 
But in general great waves are due to the incoming tide with a wind 
blowing in a similar direction. G. H. Krnanan. 


ON THE ORIGIN OF THE ESTUARY OF THE FLEET. REPLY TO 
MR. KINAHAN. 

Srr,—Mr. Kinahan has not attempted to disprove my theory of 
the formation of the Fleet, but has substituted another which he 
prefers. I have, however, some objections to offer to it. He con- 
siders the shore-line of the Fleet to have been formed by marine 
erosion. That this has not been the case appears evident from a 
mere inspection of the Ordnance Map. Compare, along the whole 
sheet, the outline of the open coast with that within the Fleet, and it 
will be seen at a glance that its character is totally different. ‘The 
old marginal cliffs” of the Fleet, supposed to have been degraded 
into slopes, never, in fact, existed. There are no cliffs old or new 
except the very low ones, which have been formed by the lap of the 
small waves got up within its confined area. 

Mr. Kinahan says that ‘‘as long as the lagoon exists, so must the 
Chesil Bank, as the waters of the Fleet keep the bank from travelling 
inwards.” ‘This is incorrect, because the bank does travel inwards, 
slowly but surely, as may be seen by examining its inner margin. 
In heavy storms, like that of 1824, the sea washes over it, and 
heaps of shingle are thrust forwards into the Fleet, where they re- 
main undisturbed. 
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I regret to say that I am not acquainted with the examples of 
lagoons in Ireland, to which the Fleet is supposed to be analogous. 
Probably Mr. Kinahan’s explanation of their origin may be correct: 
but that the like will account for all the marshes and reclaimed low 
lands from Portland to Dover seems to me highly improbable. Take 
the same sheet of the Map, and observe the forms of the indentations 
of Weymouth Backwater, and of Lodmore; or further east, of Poole 
Harbour, Southampton Water, Portsmouth Harbour, Langston and 
Chichester Harbours. The action of the sea upon a coast composed 
of soft strata cannot possibly have formed these indentations. They 
must be drowned valleys. 

I feel much supported in my views about the Fleet by the corro- 
boration Mr. Mellard Reade has given to them.! O. FisHer. 

Hartton Rectory, NEAR CAMBRIDGE. 


STALAGMITIC DEPOSITS. 

S1r,— When the organic remains which are found buried in caves 
are receiving such general attention, and when attempts are being 
made to determine their age by the rate of stalagmitic deposits, I 
trust that the following case of such deposits may be of interest to 
the readers of the GrotogicaL MaGazinE. 

About 30 years ago, I procured a piece of lime deposit from a lead 
mine at Boltsburn, in the county of Durham. It measured 18 inches 
in length, 10 inches in breadth, and fully 2 of an inch in thickness. 
It was compact and crystalline, and showed distinct facets of crystals 
on its surface, over which the water was running. I have indisput- 
able evidence that the deposit had been accomplished in 15 years. 
The water from which it was produced issued from an adit driven 
in the Little Limestone, which is about nine feet thick. After 
leaving the adit, the water ran down the perpendicular side of a rise, 
for some fathoms, on to some rock debris, which was lying on the 
bottom of a hopper, whence it proceeded from the upper part of the 
hopper mouth, then perpendicularly downward over two narrowish 
wood deals, which were set on edge, and put across the mouth of 
the hopper to stop the marked materials. It was from off these deals 
that I obtained the specimen above described. On its under side the 
forms of the deals were well defined; on the exposed surface, the 
crystals were best developed where the stream was most active. 

In accordance with the above rate of increase, namely, # of an 
inch in 15 years, 5in. would require 100 years, 4ft. 2in. 1000, and 
41ft. Sin. 10,000 years. The data here given to arrive at these 
results may be relied on as being accurate. In the case now related, 
the rate of increase was likely to continue tolerably uniform, as 
the surface water could have no appreciable influence in augmenting 
or lessening the flow from the adit. Joun Curry. 


BoutsBurn. 

Explanation of terms, of required.—A “‘rise”’ is an excavation made by the miner 
working from below upwards ; size, generally about 9ft. by 4ft. A ‘hopper’ is made 
by bratticing (or partitioning) off a portion of the rise, and putting timbering hori- 
zontally across the low part for a bottom; its use is to hold the worked materials. 

1 Grou. Maa. Vol. X. p. 573. 
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GnoLocy or CampripGEesaire.—Mr. Whitaker has just published 
a list of works on the Geology of Cambridgeshire (printed for the 
Woodwardian Museum, Cambridge). It contains titles of 121 works; ; 
which is, however, a small list in comparison with those relating to 
other counties which he has prepared. 

Discovery or A New Specres or Fiso or THE Gunus Acrozeris 
IN THE Mrinistone Grit or YorKsHIRE.—At the monthly meeting 
of the Manchester Geological Society, held on the 27th of January 
last, Mr. John Aitken, F.G.S., of Bacup, exhibited and described -a 
number of very fine specimens of fish’ of the genus Acrolepis, new 
to science, which he had obtained from the débris brought out in 
excavating a tunnel through Wadsworth Moor, in the neighbour- 
hood of Halifax, in a bed of fine black shale, separating the third 
from the fourth or Kinder Scout Grit,—the principal specimens 
having been obtained from nodular concretions which abound in the 
shales at this horizon. 

The specimens comprise two nearly perfect heads (in the jaw of 
one a tooth is exhibited in sitd), and several parts of the body illus- 
trating the form and structure of the fish, amongst which are remains 
of two or three fin rays. The scales and head-plates are beautifully 
ornamented and covered with a fine enamel,—the former being 
rhomboidal in form, and profusely sculptured, having a number of 
distinct waving ridges and furrows traversing them in the direction 
of their longest axis, varying in number according to the position 
they occupied on the body of the fish, the ridges having a strong 
tendency to bifurcate, and not unfrequently to further subdivide into 
two or three branches, these often again converging and becoming 
re-united. 

The genus Acrolepis has been figured and described by Professors 
Agassiz, McCoy, and King, the specimens having, with the exception 
of that by McCoy, been obtained from the Magnesian Limestone of 
this country and Germany. The specimens exhibited have, however, 
much larger scales, and differ in the style of ornamentation, as well 
as in many other estenial particulars, from any of the.figures re- 
ferred to, leaving no doubt as to their constituting a new species of 
this rare fish. The discovery also carries this. genus into a new 
horizon, which has previously been considered as almost barren 
ground: it is now known to be co-extensive with the Carboniferous 
system, ranging from the Mountain Limestone, through the Millstone 
Grit and Coal-measures, into the Permian formation, where it appears 
to have attained its maximum development ; its remains having 
been found there more plentifully, both in our country and on the 
Continent, than in any of the older members of the system. 

It is intended shortly to have the specimens described and figured, 
so that palzontologists may have an opportunity of judging of the 
value of the discovery. 

In addition to the specimens above referred to, Mr. Aitken also 
exhibited remains of four or five other genera of fish, viz. Acanthodes 
sp., Cladodus, Rhizodus (? Ctenacanthus), and Paleoniscus, together 
with a considerable variety of other fossils, all from the same locality. 
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1.—Tur HLevateD SHELL-BEARING GRAVELS NEAR DUBLIN. 
By the Rey. Maxwett Cross, M.A. F.G.S.1 


Mire elevated Drift deposits near Dublin have been brought 
under the notice of the Society by other observers. The late Mr. 
John Kelly has described in our Journal (vol. vi. p. 183) part 
of the gravels which form the subject of this paper; including 
the collection at Caldbeck Castle, 1300 feet above the sea. I 
have already mentioned before the Society (in 1867) the fact of 
having found marine shells in the Pleistocene gravels near Dublin, 
at heights of 1000 and 1200 feet above the present sea-level ;? 
but I did not wish to offer a paper on the subject until I had 
collected what might seem sufficient materials for one. These shells 
are not only in a very fragmentary condition, but also scarce, so 
that they easily escape notice; and it is necessary to pay several 
visits, at sufficient intervals, to the few places where the shells are 
accessible, in order to obtain from thence even a limited collection 
of determinable species. 

The gravels now in question belong to the “limestone gravel ” 
of Ireland, and occur on the sides, or in the immediate vicinity, of 
the hill mass, the best known of whose prominences is named the 
Three-Rock Mountain—part of the N.H. end of the Wexford, Wick- 
low, and Dublin granite range. Ballyedmonduff is on the S.E. side 
thereof, on the road leading from Stepaside to Glencullen. A little 
below, and N. of, the highest point of that road, on the EH. side of 
the road, just opposite Bailyedmonduff House, and at the elevation 
of just 1000 feet, is a gravel-pit which has yielded the shells given 
below. The distinctly-shaped mound, or mamelon, in which the 
pit is dug, is chiefly composed of clean stratified gravel and sand ; 
it is part of a great collection of Drift which extends into the 8.E., 
or Ballyedmonduff, bosom of the above-mentioned hill mass, and 
over the slight col at the highest point of the road leading to Glen- 
cullen ; at which latter place it (the gravel) is of very considerable 
depth. In the said bosom the gravel maintains, at its upper edge, 

1 Read before the Royal Geological Society of Ireland. 

*These are noticed in Jukes’s “‘ Manual of Geology, edited by Prof. Geikie; by 
Prof. Harkness in the Gzotocicau Macazing, Vol. VI. p. 545, and in Sir C. Lyell’s 
“Student's Elements of Geology,’ where, however, they are placed in the Co. 
Wexford, and in the Pliocene formation. 
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an elevation of about 1100 feet, for some distance; and spreads 
thinly over the hill-spur, marked on the map 1103 feet. : 

Shells at Ballyedmonduff, 1000 feet.—Trophon muricatus C, 
Fusus ? (part of columella), Turritella communis CN, Ostrea edulis C, 
Pecten (two species), Cardium edule, C. echinatum, Astarte compressa 
CN, A. elliptica CN, A. suleata CN, Cyprina Islandica CN, Artemis 
lincta CN, Venus striatula, V. casina C, Lutraria elliptica, Mactra 
stultorum ?, Tellina?, Mya truncata? CN, Pholas crispata C, Balanus 
balanoides CN, Small shell-boring Annelid (perforations of). 

The species, as also those named below, were determined by Mr. 
W. H. Baily and Dr. Carte. Those marked C are characteristic of 
the Celtic province of marine fauna (Venus casina is thus marked, 
although occurring exceptionally in the Mediterranean; as Edward 
Forbes believed it must have attained access thereto during the 
Glacial submergence). Those distinguished with CN are charac- 
teristic of Celtic and Northern European seas; or of the northern 
part of the Celtic area. 

The remains of the house called Caldbeck Castle stand westward 
of the Three Rocks, on the col above Ticknock, which connects 
Kilmashogue Mountain with the rest of the said hill mass. About 
one furlong S. of the ruins is a pit, in clean gravel and sand, at the 
elevation of a little over 1,200 feet (slightly higher than the shell- 
bearing gravels near Macclesfield, described by Mr. R. D. Darbi- 
shire, F.G.S.,1 Memoirs of Lit. and Phil. Soc. Manchester, vol. iii. 
1868), which has yielded the following species. 

Shells near Caldbeck Castle, 1200 feet.—Fusus? (part of colu- 
mella), Cardium echinatum, Cyprina Islandica CN, Venus striatula, 
V. casina? C, Mactra stultorum, Small shell-boring Annelid (perfora- 
tions of ). 

A little below, towards the §.W., in the bosom between the 
Kilmashogue and Tibradden hill spurs, Cyprina Islandica and other 
shell fragments can be found near the stream, at just 1000 feet. 
In the Killakee valley running up between Tibradden Hill and 
Killakee there is an immense irregular accumulation of Drift. In 
two gravel-pits near the wood where the Ballybrack road enters 
that valley, and at the height of 850 feet, were found, among other 
shell fragments, portions of Cyprina Islandica and Cardium echinatum. 
And near the head of that valley, beside the road, among some trees, 
and not far from where the military road passes, at the height of 
just 1200 feet, there is a pit which yielded a few fragments, of 
which only Cyprina Islandica and Astarte elliptica are recognizable. 
And finally, a little below, and 8.E. of, the summit of Montpelier 
Hill, at the elevation of a little over 1200 feet, there is a long-dis- 
used and much grass-grown gravel-pit, in which one indeterminable 
shell fragment was found. This pit is four and a half miles from 
that first mentioned. 

It is to be observed that, though all the above individual species 
live now in the neighbouring seas, yet, as a group, they present a 
rather more boreal facies than those of the present coasts, and than 


1 See Groz., Maa., 1865, Vol. II. p. 293, with table of shells, 


Rev. M. H. Close—The Shell-bearing Gravels near Dublin. 195 


those of the low gravels, as a group (see paper by Prof. Oldham, 
Journ. Geol. Soc. Dublin, vol. iti. p. 181), and a decidedly less 
northern facies than the much larger collection of Drift shells from 
Moel Tryfaen, at 1360 feet elevation. However, it would be scarcely 
prudent to found any argument on the limited induction that we have 
been able to make. T'wo other points seem worthy of notice, though 
they may be but accidental: viz. that of Cardiuwm edule, which occurs 
so frequently in the gravels at lower elevations, near Dublin, only 
one fragment has yet been recognized in the higher accumulations ; 
and also, that but three univalves have been found, although shells of 
that class must be generally better able, than others, to withstand 
rough usage, and therefore more capable of handing down determin- 
able fragments. Pieces of Cyprina Islandica are the most common, 
evidently on account of the thickness and strength of that shell. 

What then is indicated by the occurrence of marine Drift shells 
in those elevated situations in our neighbourhood? Not as much 
as might, perhaps, be supposed on first thoughts. We did not need 
their presence to assure us that the sorting and stratification of those 
elevated gravels and sands was effected by the sea; for, as Mr. 
Kelly has pointed out in his paper, it is utterly impossible to refer 
that to any other agent. And, moreover, those shells do not give 
us any information as to the character of the marine fauna of this 
district when the sea covered it so deeply. ‘The gravel, etc., in 
which they occur is “limestone gravel” (with a slight sprinkling 
of granite stones), resting on granite hills; this has been carried 
thither from elsewhere; and the smashed condition of the shells, 
and the fact that those fragments, which are large enough to show 
it, are often well scratched, like many of the pebbles among which 
they lie, lead to the conclusion that those fragments form, as it 
were, part of the gravel and have been carried thither along with 
it, and that, therefore, the animals did not live and die where their 
remains are now found. (It would seem from the descriptions, 
especially by Mr. D. Mackintosh, F.G.S., of the Moel Tryfaen gravels 
and shells, that the same has been the case with the Drift shells of that 
place.) This conclusion is strengthened by the consideration that, 
when the sea was up at the level of the site of Caldbeck Castle, the 
ground would fall steeply down from the very shore-line in all 
directions to a great depth; and several at least of the above shells 
would be without sufficient platform, or suitable habitat, for their 
subsistence. 

But how were the limestone gravels and the shells carried to their 
present positions on the granite hills? Let us note that only a very 
small proportion of the gravel stones exhibit signs of water-rolling ; 
they are generally subangular; many are greatly scratched -(these 
occur more usually in the upper parts of the gravel), and some are 
quite angular. Again, at Caldbeck Castle, the nearest part of the 
limestone ground is 2 miles distant, and 900 feet lower down ; and 
at Ballyedmonduff pit the nearest part is 44 miles distant, and 800 
feet lower down; yet the proportion of limestone and other foreign 
pebbles, etc., in the gravel at those places is at least $9 per cent. It 
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seems utterly impossible that that gravel could have been swept 
thither by water, along the surface of the ground, for at least those 
distances, and up-hill too, without having its pebbles nearly all 
rounded, and without picking up vastly more than one per cent. of 
granite stones. Again, at Ballyedmonduff pit there is, in one part 
of the large irregular excavation, and in the upper part of the 
section, a mass of earthy clay packed with blocks of limestone and 
grit, some as large as a man’s head, and all greatly scratched; this 
looks almost exactly like true Boulder-clay (it probably belongs to 
the Upper Boulder-clay), and it overlies fine gravel and sand (all 
this is now much obscured by some trees having fallen and torn 
down the pit escarpment). Any rush of water that could have 
carried those stones along bodily, without rolling them, could not 
have deposited the fine materials on which they lie, and must have 
swept away those fine materials, if they had been already there. 
Since rushing water is out of the question, as the transporting agent, 
and also, as will be generally conceded, land-ice, for somewhat 
similar reasons, we seem compelled to believe, as Mr. Kelly did, that 
the gravels in question have been transported by floating-ice to their 
present situations (apparently from a north-westerly direction). 
The blocks of local granite, weighing sometimes up to 20 tons, 
which usually lie on the top of the (limestone) gravel, in places to 
which they could not have fallen or rolled, must have been left 
there by floating-ice; but this may have been local and more imme- 
diately connected with the hills. 

The upper limits of these gravels are clearly not raised beaches. 
Yet on the south-east side of the Three-Rock Mountain, in the 
Ballyedmonduff bosom, there is an approach to a horizontal upper 
boundary, at the height of about 1100 feet, extending for about a 
mile; and about Caldbeck Castle and the head of Killakee valley, 
on the other side of the hill mass, a less near approach to such a 
boundary, at 1200 to 1300 feet, extending for two or three miles. 
Of course the upper limit of the gravel, as worthy the title of a 
deposit, does not necessarily indicate the greatest depth of the sub- 
mergence in the glacial sea. Above that limit many pieces of foreign 
material can be found, almost to the summit of the Two-Rock 
Mountain, at the height of about 1760 feet. 

As to the correlation of these high-level gravels with those on the 
low grounds—it seems impossible, at present, to ascertain their precise 
relations, from direct observation. Speaking roughly, they both 
evidently belong to the same formation, viz. the Pleistocene “ middle 
sands and gravels,” lying below the Upper, and above the true or 
Lower Boulder-clay. But, considering the most probable mode of 
transport, and the fact that the submergence of the low grounds must 
have begun sooner and ended later than that of the high grounds, we 
may perhaps conclude more definitely that the elevated gravels are 
contemporaneous with some of the middle parts of the low gravels. 

Recapitulation (in different order).—1. The elevated gravels are 
Pleistocene, and probably contemporaneous with some of the middle 
parts of the low-level gravels. 2. They have been carried to their 
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present position by floating-ice. 3. The contained marine shells 
have been brought along with the gravel. 4. Therefore the animals 
to which the shells belonged lived and died somewhere else, towards 
the northwest, and that very possibly before the time when the sea 
was deep enough to deposit the elevated gravels. 5. The shells, as a 
group, if we may venture to judge from so small a collection, point 
to rather more boreal marine conditions than now obtain in this 
region ; although they are all to be found now inhabiting the neigh- 
bouring seas. 


II.—Descriptions or New Fossins From THE Drvontan Formarion 
oF CANADA. 
By H. Atteyne Nicuozson, M.D., D.Sc., F.R.S.E. ; 
Professor of Natural History in University College, Toronto. 
(Concluded from page 163.) 
(PLATE IX.) 
FENESTELLA MAGNIFICA, Nicholson, Pl. IX. Fig. 22. 


Polyzoary forming a flattened expansion of unknown but ap- 
parently considerable size. Branches almost perfectly straight, 
bifurcating at intervals of from one quarter of an inch to one inch, 
nearly parallel, united by straight transverse dissepiments, sub- 
angular or obtusely carinated, and closely striated om the non- 
celluliferous side. About four branches in the space of three lines, 
measured across the frond. Dissepiments about equalling the 
branches in diameter, usually placed at intervals of from one line 
to one-tenth of an inch apart. Fenestrules oblong, rectangular, 
nearly equal, from one line to one-tenth of an inch in length by 
two-thirds of a line in width; nine fenestrules in one inch measured 
vertically, twelve in the same space measured diagonally. The 
fenestrules of contiguous rows nearly, but not quite, at the same 
level. Celluliferous face unknown. 

This species (Fig. 22) is most nearly allied to Fenestella laxa, 
Phillips, from the Carboniferous and Devonian Rocks of Britain; 
but it is readily distinguished by the regular dimensions of the 
fenestrules, their rectangular shape, and their much smaller size. 
(The fenestrules in F. laxa are from two to four times as large 
as those of F. magnifica.) From Polypora (Gorgonia) ripisteria, 
Goldfuss, the present species is separated by its rectangular, not 
oval, fenestrules, the much greater proportionate and absolute width 
of the fenestrules, and the straight, not flexuous, branches. 

I have only seen a single specimen of F. magnifica, and that only 
exhibits the reverse side of the coencecium; but the general charac- 
ters of the frond are so distinctive, that I have no hesitation in 
founding a distinct species for its reception. 

Locality and Formation.—Corniferous Limestone, Port Colborne. 


FENESTELLA MARGINALIS, Nicholson, Pl. IX. Fig. 28. 


Polyzoary forming a fan-shaped expansion, of unknown dimen- 
sions. Branches straight, nearly parallel, about four in the space 
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of two lines; dissepiments exceedingly narrow, not more than one- 
hundredth of an inch in width, slightly expanded at their points 
of junction with the branches, quite straight, and separated from 
one another by intervals of one line, sub-alternate in contiguous 
rows. No cells upon the dissepiments. Fenestrules oblong, 
regularly rectangular, nearly twice as long as wide (nearly one 
line in length and less than half a line in width); three fenestrules 
in a quarter of an inch measured vertically, and five in the same 
space measured transversely. Two marginal rows of large flask- 
shaped cells, between which are two or sometimes three rows of 
minute elongated cells, which probably occupied a central keel. 
Four of the large marginal cells to the length of a fenestrule, 
and one opposite the origin of each dissepiment. 

As in the case of the preceding species, I have only a single ex- 
ample of this species; but its characters are so peculiar that I have 
no doubt as to its specific distinctness. Our specimen is one ex- 
hibiting the back of the polyzoary, but the outer striated non- 
celluliferous layer has been denuded, and the proximal ends of the 
cells are thus brought into view. (Fig. 23.) 

In its general form, Ff. marginalis is clearly a genuine Fenestella, 

as shown by the straight branches, the distinct straight non-cellu- 
liferous dissepiments, the rectangular fenestrules, and its possession 
of a row of large cells on each side of each branch. This last charac- 
ter separates it from Polypora, and the others distinguish it from 
Retepora. The specimen does not enable me to affirm with certainty 
that the two marginal rows of cells were separated by a median 
keel ; but it appears highly probable that this was the case. In 
the genus, or sub-genus, Fenestrellina, D’Orbigny, the mesial keel, 
separating the two rows of large lateral cells, carries a central row 
of minute cells. In F. marginalis, however, the space between the 
lateral rows of cells carries a series of minute crowded cells, which 
are arranged in two or sometimes in three alternating rows; so that 
the central keel, if present, must have exhibited the openings of two . 
or three rows of cells. This character, so far as I am aware, has 
not hitherto been noticed in any species of enestella, except F. 
rigidula, McCoy, and it may, perhaps, afford a ground of sub-generic 
distinction. 
In its general form, F. marginalis exhibits some resemblance to 
F. magnifica, but its dimensions are much smaller. It possesses four 
branches in a space of two lines, and five fenestrules in three lines 
measured transversely, whilst the dissepiments are exceedingly thin, 
and the length of the fenestrules is nearly double the width. In the 
latter species, on the other hand, there are three branches in a space 
of two lines. and about three fenestrules in three lines measured 
transversely or diagonally, whilst the dissepiments are about as 
thick as the branches, and the fenestrules are only slightly longer 
than wide. 


Locality and Formation.—Corniferous Limestone, Port Colborne. 


Prof. H. A. Nicholson—New Devonian Fossils. 199 


FENESTELLA FILIForMIs, Nicholson, Pl. IX. Fig. 24. 


Polyzoary exceedingly delicate, composed of parallel, extremely 
narrow branches, about fifteen or sixteen of which occupy the space 
of a quarter of an inch. JDissepiments thread-like, narrower than 
the branches, expanded at their points of junction with the branches, 
separated by intervals of about one-tenth of a line. Fenestrules | 
one-third wider than long, rectangular or transversely oblong, 
twenty-four in the space of one-quarter of an inch measured longi- 
tudinally, and about fifteen in the same space measured transversely. 
Celluliferous aspect unknown. 

I have only fragments of this species, and none of these show the 
celluliferous aspect; but the proportions of the polyzoary are so 
entirely distinct from all other previously recorded forms, that no 
question can be entertained as to its being really new. It is very 
readily distinguished by its filiform and closely-set branches, by the 
unusual character that the fenestrules are wider than Jong to a 
marked extent, and by the extraordinarily large number of fene- 
strules in a given space measured vertically. 

Locality and Formation.—Corniferous Limestone, Lot 6, Con. 1, 
Wainfleet. 


Sprrorpis ArKonensis, Nicholson, Pl. IX. Fig. 25 6 and «. 


Tube minute, sinistral or dextral, of two turns, rounded, and 
somewhat globular, owing to the elevation and large size of the last 
turn. Aperture circular, usually turned upwards. Diameter of the 
entire spiral about a third of a line, never exceeding half a line. 
Surface marked with numerous, very close-set, thread-like, trans- 
verse annulations or ridges, which are not separated by more than 
their own width. A minute umbilicus is present. 

T am unable to identify this little species with any previously re- 
corded. It presents the peculiarity that individuals in other respects 
precisely similar (Fig. 25, b and ce) are sometimes dextral, and at 
other times sinistral, the latter being the commonest upon the whole. 
The terminal portion of the tube is sometimes continued to open 
in the plane of the spiral, or at other times is non-adherent and 
slightly elevated above the surface. The species is very readily 
recognized by its minute size, and the characters of its surface orna- 
mentation. It appears to be quite distinct from S. angulatus, Hall, 
which, so far as I am aware, is the only species before recorded 
from the Hamilton Formation. 

S. Arkonensis is found in great abundance, generally associated 
with S. omphalodes, Goldfuss (Fig. 25, a), attached to the exterior of 
Heliophyllum Halli, Cystiphyllum Americanum, Cystiphyllum vesiculo- 
sum, Spirifera mucronata, and other Corals and Brachiopods of the 
Hamilton Group. 

Locality and Formation.—Hamilton Formation, Bartlett’s Mills, 
near Arkona, Township of Bosanquet. 


ORTONIA INTERMEDIA, Nicholson, Pl. IX. Fig. 26. 
Tube conical, straight or flexuous, attached by the whole of one 
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surface to some foreign body. Length, when fully grown, from a 
line and a half to two lines; diameter of the aperture somewhat less 
than half a line. Surface marked with strong encircling, sometimes 
lamellose, annulatious or ridges, of which there are about eight or 
ten in the space of one line near the mouth, but more than twice 
this number in the same space towards the closed end of the tube. 
Sometimes the annulations are extended into wing-like prolonga- 
tions (Fig. 26, b) on the latero-inferior aspects of the fossil, and 
the tube is attached by these to the surface to which it is adherent ; 
and in all cases they are more pronounced on the sides than the 
aspect opposite to the surface of attachment. 

Ortonia intermedia is distinguished from the other species of the 
genus by good and easily recognized characters. Some examples, 
indeed, exhibit a structure which has not otherwise been clearly de- 
tected in this genus—namely, that the tube is made up of a succes- 
sion of imbricating conical segments, the upper edges of which 
produce the encircling ridges or annulations. A somewhat similar 
structure is seen in Cornulites and Conchicolites; but in these genera 
the segments of the tube are inversely conical, in other words have 
their smaller ends directed towards the mouth of the tube. Hence 
in these genera the annulations of the tube are produced by the 
lower edges of the segments. In Ortonia intermedia, on the other 
hand, in some examples at any rate, the tube is composed of a series 
of short imbricating conical segments, the larger ends of which are 
directed towards the aperture ; and it is, therefore, the upper edges 
of the segments which form the annulations. 

The species to which O. intermedia is most nearly allied is O. 
minor, Nich.; but the tube is not so strongly bent towards its closed 
extremity ; it is upon the whole a larger and more robust form ; and 
the annulations are considerably more remote and stronger. 

O. intermedia occurs attached to the exterior of various species of 
Cystiphyllum and Heliophyllum; and it is always strictly solitary, 
though three or four indiyiduals often occur within a space’ of a 
few lines. 

Locality and Formation.—Not uncommon in the Hamilton Forma- 
tion, Bartlett’s Mills, near Arkona, Township of Bosanquet. 


EXPLANATION OF PLATE IX. 


Fig. 16.—Botryllopora socialis, Nich. a. Portion of Heliophyllum Halli with a 
small group of discs adherent to it, of the natural size. 6. A single disc 
enlarged. c. One of the radiating ridges enlarged to show the cells. From 
the Hamilton Group. 

Fie. 17.—Ceriopora (2) Hamiltonensis, Nich. a. Portion of the stem, natural size, 
showing the mode of branching. 6. Fragment enlarged, showing the form of 
the cells, and the tubular intercellular interspaces. From the Hamilton Group. 

Fic. 18.—Polypora puichella, Nich.; a. Fragment, natural size. 6. Portion of the 
reverse magnified. c. Fragment from which the non-poriferous layer has been 
stripped off, showing the bases of the cells, enlarged. d. Cast of the inner 
surface, enlarged, showing the cell-mouths. From the Corniferous Limestone. 

Fre. 19.—a. Fragment of the cast of Polypora Halliana, Prout, enlarged. 6. Frag- 
ment of the cast of Polypora tenella, Nich., enlarged. Both from the Cornifer - 
ous Limestone. 


Fic. 20.—Polypora tuberculata, Nich. a. Fragment of the natural size. 0, The 
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same enlarged. c. Portion of a branch still further enlarged. From the 
Hamilton Group. 

Fic. 21.—Retevora Phillipsi, Nich. a. Fragment of the natural size. 5. Fragment 
in which the outer non-celluliferous layer has been removed, showing the bases 
of the cells, enlarged. From the Corniferous Limestone. 

Fig. 22.—Fenestella magnifica, Nich. a. Portion of the polyzoary, natural size. 
6, Fragment of the same, enlarged. From the Corniferous Limestone. 

Fie, 23.—Fenestella marginalis, Nich. a. A fragment, of the natural size, 6, A 
portion of the same, enlarged. c. A portion of a branch still further en- 
larged, viewed from behind, and showing the large marginal and the minute 
central cells. From the Corniferous Limestone. 

Fic. 24.—Fenestella filiformis, Nich. a. Fragment, natural size. 6. Portion of the 

same enlarged. From the Corniferous Limestone. 

Fic. 25.—a. Spirorbis omphalodes, Goldfuss, of the natural size and enlarged. 3. 
Spirorbis Arkonensis, Nich., of the natural size and enlarged. c. A dextral 
example of the same, enlarged. From the Hamilton Formation. 

Fic. 26.—Ortonia intermedia, Nich. a. One of the tubes enlarged. 6, Another 
example in which the annulations are greatly extended laterally, enlarged. 
From the Hamilton Formation. 


TI.—On rae Suzsrirutron or Zinc ror Macyesrum 1x Miverats. 
By Epwarp T. Harpman, F.R.G.S.1.! 
Of the Geol. Survey of Ireland, Associate of the Royal College of Science, Dublin. 


N the Gronocican Macazine of last October? I have noticed the 
occurrence of zine in small quantities in the White Limestone 
(Chalk) of the Co. Tyrone, and also in the overlying basalt. When 
that paper was read,° exception was taken to the latter part of it, on 
the ground that the metal in question had never been known to exist 
in rocks of igneous origin; but as my analysis seemed perfectly 
trustworthy, I saw no reason to modify it on the objections 
then put forward. Since then, whilst making an investigation— 
with a different object—on a specimen of basalt from another 
locality in the neighbourhood of that whence the one originally ex- 
amined was obtained, I succeeded in again finding zinc in it; and I 
think it well to mention the fact now, as an addendum to, and as con- 
firming my former statement. 

The specimen was procured at a place called Curglasson, near 
Stewartstown, from the heart of a quarry by the roadside; being 
more than a mile north of the spot whence the basalt referred to in 
my former communication was obtained. The rock was carefully 
examined qualitatively for all the metals precipitable from an acid 
solution by sulphuretted hydrogen. Iron and alumina were then 
precipitated, and the filtrate examined with the utmost caution. On 
the addition of ammonium sulphide, a distinct white precipitate 
appeared. As it was probable that a little lime might have been 
brought down by a trace of carbonic acid in the re-agents, the pre- 
cipitate was filtered off, re-dissolved in hydrochloric acid, and re- 
precipitated. (a) It was again re-dissolved, evaporated to dryness, 
and strongly ignited, to drive off ammonia, etc. A small quantity of 
the residue, which was deliquescent, was mixed with carbonate of soda, 


1 This paper formed part of a communication read before the Royal Irish Academy, 
January 26, 1874. 2 Vol. X. page 434. 
3 Before the Royal Geological Society of Ireland, June 11, 1873. 
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and exposed before the blowpipe on charcoal. The support became 
covered with the usual zine oxide incrustation, which, treated with 
nitrate of cobalt, gave a vivid green. The fused bead and support were 
levigated with water in an agate mortar, when numerous spangles 
of white metal were seen, which, when treated with a drop of water 
very slightly acidulated with hydrochloric acid, dissolved with 
evolution of hydrogen. As the solution (a) could only contain zine, 
with a trace of ferrous iron, and of lime, this experiment was con- 
clusive. 

The above results were obtained with separate portions of the 
rock, treated in the following different ways :— 

(1). The powdered rock was fused in a platinum crucible with 
carbonate of soda. 

(2). The powdered rock was boiled in strong hydrochloric acid. 

(3). The powdered rock was boiled in nitro-hydrochloric acid. 

It is somewhat remarkable that only a trace of titanium was 
observed in this specimen. 

In my former note on this subject, I endeavoured to account for 
the presence of zinc by the supposition that it existed as a distinct 
mineral, and pointed out the possibility of its being introduced by 
the infiltration of water ; but subsequent examination and considera- 
tion has led me to what appears to be the true clue. Zinc is very 
closely allied to magnesium in characteristics and behaviour, both 
in the metallic state and in combination with other elements. In 
many points the resemblance is very strong;! their salts have a 
similar composition, and these, as well as the natural compounds, 
or minerals, are isomorphous.? Consequently, following the law of 
isomorphism, they should be mutually replaceable; and wherever 
we find the one in any quantity, we should expect to find the other 
encroaching on it. It is curious that while in most mineralogical 
treatises the interchangeability of the protoxides of iron, manganese, 
calcium, ‘and magnesium is laid down, that of zinc with these, so 
far as J] am aware, has not been yet shown,’ and in the very few 
instances in which zinc is given as an accessory metal, its presence 
seems to be considered rather as an accidental circumstance, than 
as the result of any chemical law. In few cases has it been given 
in the composition of a mineral, unless when present in such 
quantity as to make a very serious item in the analyses, as in those 
of Automolite, or zine spinel (20 to 35 per cent. of Zn 0), and 
Franklinite (17 per cent. Zn 0); while in most minerals traces of 
Mn, Fe, Mg, are constantly recorded as replacing part of the 
essential metals. 

Believing, therefore, that zinc compounds might thus be calculated 
to occur in most magnesian rocks or minerals, I have tried several, 
and so far the result has almost exceeded my expectations, for in 
every single case the metal was proved. As yet I have merely 


1 Fownes’ Manual of Chemistry, 10th ed. p. 398; also Galloway's Qualitative 
Analysis, p. 49. 
* Supra cit.; also Dana’s Manual of Mineralogy, p. 74. 
3 Although in one or two cases implied. 
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satisfied myself with regard to its presence, reserving the quantitative 
determination until I shall have completed the testing of a number 
of specimens; but it may he worth while to mention the rocks and 
minerals already searched. 

1. Granite.—Wicklow and Wexford range variety :’ from Graigue- 
na-spiddoge, near Carlow.—Obtained from heart of quarry: (a) A 
very coarse-grained light grey rock, porphyritic in parts, containing 
white mica, together with a dark greenish magnesian variety ; also 
tourmaline. The portion taken for analysis was prepared in such a 
way as to contain a preponderance of mica, and four analyses of this 
were made in the wet, as well as others in the dry, way, ere I 
allowed myself to be perfectly satisfied as to the presence of zinc. 
The quantity of this was very small, as was of course to be expected. 
Traces of copper and lead were also noticed. 

(b.) Mica.—After many searches at the same quarry, I was for- 
tunate enough to find a mass of mica sufficiently large for analysis 
with the blowpipe. It was mostly white, but contained lamine of 
green mica. About four grains were treated on charcoal before the 
blowpipe, with carbonate of soda. Two metals were reduced, which 
proved to be copper and zinc. The zinc spangles dissolved with 
rapid evolution of hydrogen in a barely acid solution of hydrochloric 
acid. The solution evaporated to dryness, moistened with nitrate of 
cobalt, and heated on charcoal, gave the characteristic green re- 
action.” 

2. Serpentine (?)—A green soft steatitic rock from Garrarus 
Strand, near Tramore, Co. Waterford. This rock occurs among 
Silurian limestones and slates, near masses and dykes of felstone, 
etc. Some of the limestone can be distinctly seen to pass into Ser- 
pentine. Examined qualitatively for zinc: found it present in fair 
quantity, all the re-actions being most distinct. 

This rock contains about 8 per cent. of water, and 11 per cent. 
of carbonic acid (CO,).* ' 

3. Basalt.—Already described. 

4, Black Mica.—In a gneissose or granitic rock. Locality un- 
known. Specimen from Geological Survey collection.t The mica 
is perfectly black, and occurs in quantity in small flakes thickly 
massed together. 
About four grains were treated at a time before the blowpipe 
with carbonate of soda. After fusion the mass yielded a notable 
quantity of copper, a very appreciable amount of zinc, and a trace 
of a metal which seemed to be lead. All the characteristic tests for 
zinc were answered very distinctly. 

5. Chlorite schist (? Tale schist).—With inclosed grains of glau- 
conite (?). From Geological Survey Collection. The examination 
with the blowpipe gave two metals, both in very appreciable 


1 Leinster Granite. 

? The zint most probably occurs here in the dark magnesian mica. 

3 It is therefore not entirely metamorphosed. 

* The specimens from the Survey Collection were obtained by the kind permission 
of Prof. Hull, F.R.S., Director of the Geological Survey of Ireland. 
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quantity, viz. copper and zinc. The zinc re-actions were very 
pronounced. 

6. “ Mountain Leather.”—Variety of asbestus. From Portlock’s 
Collection, Geological Survey Museum, Dublin. Locality unknown ; 
but associated with asbestus and other basaltic minerals from Antrim. 
Zine very apparent, all the re-actions being perfectly unmistakable. 
A trace of lead (?) was also observed. 

7. Augite.—Very large crystals in a trappean ash. Locality un- 
known. From Geological Survey Collection. About four or five 
grains of the powdered mineral, fused with carbonate of soda on 
charcoal, yielded a sufficiency of metal to identify with certainty. 
Besides zinc, copper was present. All the zinc re-actions were most 
distinct. 

All the above minerals and rocks were selected at random, on 
account of containing, or being themselves, magnesian compounds, 
and they are numbered in the order in which they were examined, 
every one resulting in ‘“‘a find.” In many cases the examination by 
the blowpipe and its immediately connected wet tests was found to 
be amply sufficient to prove the presence of the metal; especially as 
from the comparatively large amount of the substance under inves- 
tigation taken,—four or five grains,'—there was little possibility of 
error. But where the result was at all doubtful, it was confirmed by 
one or more analyses in the wet way. 

The amount of zinc appeared to be most plentiful where the 
largest quantity of magnesium existed ; but as I am as yet only con- 
cerned in proving the presence of the former metal in the above 
minerals, I am not now in a position to positively assert this; de- 
ferring the quantitative analyses until I have continued the investi- 
gation so far as to enable me to select the most typical examples for 
estimation. In the mean time these notes on the subject may not 
be without some interest, bearing as they do on a matter of much 
importance from a mineralogical as well as a chemical standpoint. 

It may be thought that the zinc might as well be considered to 
replace the other members of the isomorphous group, which are 
known to occur in traces and occasionally in quantity in some of 
these minerals. But this would be a replacement of a replacing 
element; and I believe it is invariably considered that the accessory 
metal substitutes itself for part of the essential one. On this ground 
alone, all the minerals here referred to being strictly magnesian ones, 
the zinc must be regarded as replacing magnesium. At the same 
time I do not doubt that in other instances where there is no magne- 
sium, it may be equally found to replace any of the other members. 
But when we remember the affinities of the two metals, it will hardly 
be considered a far-fetched notion to suppose, that were a preference 
possible, the zinc would associate itself with the magnesium, in the 
same way as some other metals act towards each other, notably the 
Platinic group; which possessing a very peculiar relation to one 

1 This was rendered possible by the use of paraffin oil in the blowpipe lamp, by 
which a very large and hot flame was procured, capable of decomposing a much larger 


quantity of rock. For reductions, and where great heat is required in blowpipe 
analysis, it will be found most useful where gas is unattainable. 
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another independently of their isomorphism—which is not thorough 
—are nearly always found together. 

It will be seen that the majority of the minerals examined are 
species that are most often found in nature forming component parts 
of igneous rocks, while two rocks of that class are themselves in- 
cluded. 


IV.—Tue Votcantc History or IRELAND. 
Being the Anniversary Address delivered to the Royal Geological Society of Ireland, 
February 11th, 1874. 
By Professor Epwarp Hut, M.A., F.R.S., President ; 
Director Geological Survey of Ireland. 
(Concluded from page 150.) 
(PLATE X.) 


Carboniferous Period.tThe Lower Carboniferous rocks, both of 
the North of England, of Scotland, and of Ireland, afford examples 
of contemporaneous volcanic action of considerable intensity. The 
so-called ‘‘toad-stones” of Derbyshire, and the great sheets of 
melaphyre, porphyrite, and ashes of the central valley of Scotland, 
forming the Kilpatrick, Campsie, and Dalry Hills, appear to have 
been erupted over the bed of the same sea as that in which were 
poured out similar materials in County Limerick, forming the well- 
known Carboniferous volcanic rocks of “the Limerick Basin.” 
These rocks have been already so fully described by several 
observers, that I shall confine myself to a very short description, 
such as is essential to the brief history of volcanic action which I 
am here endeavouring to draw up. 

The trap-rocks of the Limerick basin, ably described by Professor 
Apjohn, belong to at least two consecutive periods of eruption; 
both, however, included in the Carboniferous Limestone period, 
and are disposed in concentric sheets round a tract of Upper Lime- 
stone shale which occupies a district around Ballybrood. The 
‘“‘Lower trap-band” is more important and continuous than the 
Upper, and along with beds of ash and agglomerate is found in 
several tracts to the north and west of the band itself. In several 
spots both to the north and south of the ‘ Lower trap-band,” are 
isolated bosses of trap, such as those of Knockdirk, Carnanagh Fort, 
Cullon, and Maddyboy, which may be regarded as the old “necks ” 
or volcanic throats, from which the sheets of trap and ashes have 
been erupted or blown out, but from which they are now discon- 
nected by denudation. 

As regards the composition of these rocks, notwithstanding the 
variety of names they have received, microscopic examination shows 
them to belong, with few exceptions, to that series of old augitic 
lavas usually called “‘melaphyres,”’ which have undergone consider- 
able alteration from their original condition. The base is for the most 

' The composition of the Knockdirk trap is essentially so different from that of the 
other masses, that I suspect it to belong to an older period of eruption. See author's 


paper on “The Microscopic Structure of the Limerick Trap-rocks,” GzoLoGicaL 
Macazing, 1873, Vol. X. p. 158, Pl. VIII. ; 
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part a triclinic felspar, in which are inclosed crystals of augite, 
olivine, and magnetite, together with chlorite, which must be con- 
sidered of secondary origin. While such is the character of the 
generality of these Lower Carboniferous lavas, there are occasional 
variations; and in the case of the rock of Knockdirk we find a 
highly silicated felstone forming apparently one of the old necks 
of eruption. 

Another interesting volcanic district referable to this period lies 
at the entrance to Bantry Bay, amongst the rocks extending from 
Black Ball Head to Bear Island. They consist of slates, grits, and 
calcareous bands belonging to the ‘Carboniferous Slate”? and 
“Yellow Sandstone” series of Sir R. Griffith. The volcanic rocks 
associated with these consist of contemporaneous and intrusive 
felstones, greenstones, with beds of ash, breccia, and agglomerate, 
and are ably described by Messrs. Kinahan and O’Kelly in the 
Memoirs of the Geological Survey.t Amongst these certain actual 
vents of eruption are recognized by the authors referred to; and 
owing to the variety of volcanic phenomena here exposed in the 
fine coast-sections,—the beds of felstone, porphyry, ashes, and 
breccias; the old volcanic necks filled sometimes with trap, some- 
times with fragmental materials; and the dykes which range both 
through the igneous and sedimentary rocks,—this district offers most 
instructive materials to the student of the volcanic phenomena of 
Paleozoic times. 

As the upper portion of the Carboniferous Slate series, which 
expands into such unusual proportions towards the south-west of 
Treland, may, with some probability, be considered as partly the 
representative in time of the Carboniferous Limestone, it seems 
highly probable that the submarine volcanos of the south-west coast 
just described were in active operation at the same period as the 
earlier ones of the Limerick Basin, and these again contemporane- 
ously with those of the centre of Scotland and the north of England; 
so that this portion of the bed of the ocean—swarming as it was 
with coralline, radiate, and molluscan lfe—was at this period 
frequently invaded by sheets of augitic lava poured forth from 
submarine vents; and by showers of ashes, stones, and bombs, shot 
forth and strewn by the currents of the sea. 

With these events the history of the Palaeozoic volcanic irruptions 
of our island closes; and we have to ascend through a long lapse 
of geological time, including the whole of the Mesozoic epoch, 
before we again meet with evidence of contemporaneous volcanic 
action in Ireland. 

Tertiary Period.—After the volcanic fires had slumbered through- 
out so many ages, they again burst forth in the Tertiary period with 
unwonted intensity over the area now occupied by the N. H. of 
Treland, extending thence to the west of Scotland and the Inner 
Hebrides. In our own island the area now occupied by these 


1 Geol. Survey Map, Sheet 198, with “Explanations” to Sheets 197 and 198 
(1860). Also Mr. Kinahan on ‘The Igneous Rocks of Berehaven,’’ Journ. Geol. ° 
‘Soc. Dublin, yol. vil. 


Prof. Hull—The Volcanic History of Ireland. 207 


volcanic rocks may be taken at 2,200 to 2,300 square miles. Yet 
this area, large as it is, is but a fragment (though doubtless a large 
one) of the original surface covered by augitic lavas, which once 
stretched as far south as the mountain ranges of Slieve Croob or 
Mourne, and eastward as far as the Sperrin Mountains in the County 
of Derry. 

The voleanic rocks of the north-east of Ireland are clearly refer- 
able to three distinct periods of eruption—all, however, more recent 
than the Upper Chalk—and therefore referable to the Tertiary 
period. During the earliest of these periods, eruptions of highly 
silicated lavas, which have solidified into trachytes, rhyolites, and 
pitchstones, took place from several distinct vents—two of which, 
at least, have been determined. One of these is situated west of 
Hillsborough, amongst the Lower Silurian rocks, and the other 
amongst the hills north-east of the town of Antrim, at a distance of 
twenty miles from the former. At what precise period this eruption 
of trachytic lavas took place, we have no means of knowing; but 
as it preceded that of the overlying augitic lavas which we know 
to have been of Miocene age, it is probable that these oldest volcanos 
were in activity as far back as the Upper Kocene period. Thus it 
would appear that the volcanic fires burst forth contemporaneously 
over the north-east of Ireland, and the region of Mont Dore in 
Central France, where the eruptions have been shown by Lyell and 
Scrope to have taken place at this period. This earliest period of 
volcanic activity was followed by one of, we may suppose, prolonged 
repose, upon the close of which a second and more extended out- 
burst of volcanic materials took place over the whole area, extend- 
ing from the slopes of the Slieve Croob range northwards. The 
lavas of this period are essentially augitic, consisting of dark 
amygdaloidal basalts and dolerites often decomposed, and parted by 
bands of bole and red ochre, which were formed by decomposition 
of the upper surfaces of successive flows. The most southerly of 
the vents of this period seems to have been situated at Scrabo Hill, 
in Co. Down, on the south side of Belfast Lough, and many others, 
mostly hidden from view, are scattered over the surface of Co. 
Antrim. The sheets of lava poured forth from these vents in suc- 
cessive flows attained a thickness of 500 or 600 feet, and were 
accompanied by showers of ashes, after which there was a cessation 
of volcanic activity ; and the second period came to a close. 

It was during this period of repose that those remarkable and 
valuable beds of lithomarge and pisolitic iron-ore were formed, as 
I believe under the waters of a lake, or chain of lakes, several 
times larger than Lough Neagh. The streams which entered these 
lakes—strongly impregnated with iron—also carried down leaves 
and stems of plants which grew on the basaltic uplands along their 
shores. In other places plants actually grew over extensive lagoons, 
and beds of lignite were formed. ‘The plants from these beds have 
been described by Professor Harkness, F.R.S.,1 and more recently 
by Mr. W. H. Baily, from specimens obtained from the railway 

1 Brit. Assoc. Report, 1856, p. 66. 
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cutting of Ballypallidy,’ by the late Mr. Du Noyer. The identity of 
these plants with those of Miocene age establishes the geological age 
of the basaltic lavas on which they repose, as also their coincidence 
in time with the basalts of Mull and the Inner Hebrides, first de- 
termined by the Duke of Argyle, with the assistance of the late 
Prof. E. Forbes. 

At the close of this period of repose a new outburst of volcanic 
activity took place, and great sheets of augitic lavas were poured 
over the older beds, to a depth of 400 or 500 feet in some places. 
Amongst the old necks or vents belonging to this third period, pro- 
bably those of Dunluce, filled with large bombs, and of Sleamish, 
an abrupt isolated mass of basalt rising above the surrounding 
country, may be identified; but the craters have entirely dis- 
appeared, and we can only recognize occasionally the truncated 
throats by which they communicated with the interior of the earth’s 
crust. 

The third period of volcanic activity seems to have been ac- 
companied or followed by the production of immense numbers of 
nearly vertical dykes—filled with basalt—which traverse not only 
the older sheets, but the newer. The production of these dykes 
seems to have been the result of the final effort of the elastic gases 
and steam which are the motive forces in volcanic eruptions. In 
order to account for the existence of these dykes—which would 
occupy a considerable area if placed side by side—it is necessary 
to suppose a general inflation or bulging of the earth’s crust in this 
region. Such an inflation would be accompanied by the formation 
of fissures, which, when filled in with molten lava from below, 
would, as it seems to me, result in the production of the dykes to 
which J have referred. 

The whole of the volcanic operations here briefly described appear 
to have been subaerial. If submarine—as has often been supposed— 
we might expect to have found marine strata accompanying some 
of the beds of lava; but these are altogether absent, and the various 
bands of red bole can be regarded as nothing else than lava, or 
volcanic ash decomposed in presence of the atmosphere. ‘The 
microscopic structure of some of the more compact beds of bole 
bears out this view. 

It is very remarkable, considering the comparatively modern 
period of these volcanic phenomena, that, as far as we know, none 
of the original craters are to be found over the whole region. Here 
and there, indeed, we find the pipes or throats of the old volcanos, 
but the original craters have been obliterated. On the other hand, 
if we cross over to Central France, we find in the region of Mont 
Dore ancient craters in a remarkable state of preservation, and 
which were, apparently, contemporaneous with those of the north 
of Ireland. To the same period are also referable (in all probability) 
some of the volcanic cones of Germany, Hungary, Transylvania ; 
and it is unquestionable that the Miocene period was one of extra- 
ordinary volcanic activity over large European areas, in which the 


1 Quart. Journ. Geol. Soc. Lond. vol. xxv. p. 357 (with plates). 
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original outline of the centres of eruption have been more or less | 
preserved. With us, however, it is different, and it is plain that 
the north of Ireland and the western isles of Scotland have been 
subjected to agents of abrasion from which the other districts I have 
referred to have been to a great extent free. 

It is to the various agents which were in operation chiefly during 
the Glacial epoch that we must, as it seems to me, refer the ob- 
literation of the volcanic craters of the north of Ireland. These 
agents, indeed, were sufficiently numerous to exercise a most power- 
ful effect in denuding the surface of the country. For, to the 
ordinary action of rain and rivers, must be added at one time the 
planing of an ice-sheet, and at another the levelling of the waves 
of the sea. The glaciated surfaces of the basaltic rocks at Fair 
Head and numerous other places attest the former presence of the 
one; while the beds of marine gravel, occurring especially in the 
adjoining district of Armagh, up to elevations of 200 or 300 feet, 
indicate the former presence of the other. 

The amount of denudation in the north of Ireland since the period 
of the Miocene volcanos has indeed been enormous. Hundreds of 
vertical feet of basaltic rocks have been removed, considerable 
valleys, like those of Belfast Lough, Cushendall, and Bushmills, 
have been scooped out, and considerable tracts surrounding the 
basaltic region have been stripped of their former covering of trap. 

Since the close of the Miocene period no volcanic outbursts have 
taken place over the area of the British Isles. The fires of that 
remarkable epoch have spent themselves here, and have retreated to 
Iceland on the one hand, and the borders of the Mediterranean on 
the other. Happily for us, we are not called on to witness the 
entombment of a Pompeii, or the destruction by a fiery torrent of 
a Catania. If these phenomena are to be witnessed, it must be at 
a distance from our own more fortunate Isles. 


V.—Note on a Smatt Ratsup Estuartne Braco at TRamorg 
Bay, Co. WATERFORD, SHOWING TRACES OF SEVERAL OscILLATORY 
MovEMENTS DURING THE Recent Pertop. 

By Epwarp T. Harpman, F.R.G.S.L, F.C.8.1 
Of the Geol. Survey of Ireland, Associate of the Royal College of Science, Dublin. 
(PLATE XI.) 

HILE spending a few days in the Autumn at Tramore, I 
chanced to meet with a well-marked example of recent alter- 

ation of shore-level ; and as on subsequent examination I find it only 
partially noticed on the Six-inch Map, and not referred to at all on 
the published One-inch Sheet, or in the Memoir of the Geological 

Survey of the District, I thought of laying a short note on the 

subject before this Society. 

The Bay of Tramore is separated by a long ridge of sand-hills 
known as the Burrow—chiefly of aérial origin—from an extensive 
muddy estuarine flat called the Backstrand, the result of the silt of 


1 Read before the Royal Geological Society of Ireland, December 9, 1878. 
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two or three streams flowing into and through it, at present of trifling 
size, but which must formerly have been of some importance as 
mud-carriers, as is shown by the dimensions of the old river-courses 
- now filled by alluvium. These streams coalesce into one, that finds its 
way to the sea by a narrow passage called the Rinnashark. At 
various places around the estuary, and at heights varying from two 
to ten feet above high-water mark, layers of sand, clay, and gravel 
are found, resting on Boulder-clay, vegetable soil, or—as in one 
place—a thick layer of good peat bog; and containing numerous 
specimens of recent marine shells, chiefly the common. cockle,— 
Cardium edule,—with Turritella, Littorina, Modiola, etc. Time did not 
permit of my making a very careful examination of the fossil con- 
tents of these beds. I was, however, able to trace the Raised Beach 
for about a mile on each side of the estuary. On the east side it is 
very well marked indeed as to configuration, forming a narrow 
stretch of low flat ground along the margin of the shore, and with 
shells tolerably abundant, these being also found at some little 
distance from the shore, in the sides of a ditch a field off. But 
on the west only a few isolated patches of shelly gravel were to be 
found ; and the shape of the shore is not such as to suggest the 
existence of a raised beach. Yet of this there can be no question, as 
will be seen from the following details. 

The first section seen on the west, at the north-eastern junction 
of Crobally Upper with Crobally Lower, and near the former mouth 
- of one of the streams flowing into the bay, is as follows: 


(See Plate XI. Fig. 1, p. 214.) Ft. In. Ft. In. 
¢. Mould, clay, ete. (artificial) : 00 2 0 
b, Stratified sand containing fragments and whole shells of Cardium 
edule, Turritella, ete... es ae 2 o| 10 0 
a. Boulder-clay, with Talus of recent sand, ‘ete. és inall ... o00 8 0 


The shelly bed here is somewhat variable in thickness—from six 
inches to two feet—and in level; but its height above present high- 
water mark is about ten feet. 

Crossing the stream, and proceeding northwards along the coast 
for about 600 yards, we come to a place marked on the working Six- 
inch Map with the following note by Mr. W. L. Willson, who 
examined this district in the early days of the Survey :—“ Layers of 
Cockle-shells (in siti) 24 feet above present level of high-water, 
imbedded whole as if buried alive, in clayey drift.” I could not find 
the deposit here alluded to, as it has been “improved off the face of 
the earth”; but a little to the east of the spot, in a new drain run- 
ning from a sluice gate in the recently built Reclamation Wall, cross- 
ing the estuary from this point, I saw the following remarkable 
section (see Plate XI. Fig. 2, p. 214) :— 


Ft. In. 

e. Clayey bed with broken Cockle- aa ADOULE Titeent se Mans Nessa eee OF KB 

d, Brown solid Peat... .. Beattie cant Nee a Pee O 

ec. Clayey brown Sand . 2 0 
a. 6. Brown clayey Boulder- clay, with cracks or pipes filled with blue stiff ; 

clay, to water’s edge.. no ae 0 
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The Cockle-bed was at a height of from two to three feet above 
high-water mark. Had I not seen other sections having a direct bear- 
ing on the above, and of some if not entire similarity to it, I should 
have been inclined to reject bed e as of artificial origin: but, as 
the sequel will show, there is a strong presumption that it is really 
in sitt. Ina drain along a new road, being the continuation of the 
wall to the westward, a somewhat similar section is seen : 


(See Plate XI. Fig, 3, p. 214.) 


Ft, In. 
ad. Soil, ete. is 4 tak eG 
c. Peaty layer, becoming sandy inland : ond oot 200 Be LOD 
6. Bluish mud containing fragments of wood... 60 S60 eee on 1 6 
a. Sandy Boulder-clay, with cracks filled up with blue mud... 4 0 

8 0 


The shells are absent here, possibly because the former submer- 
gence did not extend so far. The peaty layer undoubtedly corre- 
sponds with the boggy bed of the last section. 

Five hundred yards north of the sluice-gate, and close to the 
division of the Townlands, Ballinatin, and Drumcannon, Mr. Willson 
has noted “ Layers of Cockle-shells 24 feet above high-water mark.” 
This has also disappeared. 

The foregoing are the only traces to be found on the west of the 
estuary; but on crossing the Reclamation Dyke to the other side, the 
old beach becomes very apparent, and a little to the north, about 
sixty yards from high-water mark, an excellent section is seen 
(See Plate XI. Fig. 4, p. 214): 

Section in Lissellan. Fi In. FteIn. 
ad. Vegetable soil and clay So 60 bod bad cool 
c. Dark sandy layer, rather peaty, containing abundantly at base 


layers of shells, Cockle, Mussel, Winkle, ete. ... 0 8to0 6 
b.. Muddy layer, thin and irregular, in pockets te iba stare (OPM, 
a.. Gravelly brown Boulder-clay with irregular cracks containing blue 
mud strings é 6 0to9 0 
7 5to9 6 


The height of the shell-bed is here about nine or ten feet above 
high-water mark, and it is found extending inland in a section ex- 
posed in a ditch, continuing into the next field. 

A little south of this, and close to high-water mark, the same section 
is seen; but here bed ¢. becomes very black, from the presence of 
organic matter, in some places very peaty, and thickens to one foot. 
Bed b. is sometimes a foot thick, and the height of the shell-bed is 
seven feet above high-water mark. 

Continuing southwards in Lissellan, the peaty layer is underlaid 
by a few thin layers of well-stratified gravel, full of shells, which 
die out after a little distance. Further on along the shore the level 
of the peaty bed sinks gradually, and at last is covered by a distinct 
layer of rudely-stratified gravel, in which a few shells are found, 
being evidently a shore deposit. This, which is about a foot thick, 
and is covered with mould well clothed with grass, continues for 
nearly half a mile, the height diminishing to about two feet, until it 
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gradually disappears under a thin bog connected with an alluvial 
flat. (See Plate XI. Fig. 5, p. 214.) This bog is itself covered by 
high-water of spring-tides. 

I think there is sufficient resemblance between these sections and 
Figs. 2 and 3, to warrant us in referring them all to one horizon, and 
in believing the shells above the peat in Fig. 2 to be in siti, cor- 
responding to the gravel-bed above the black bed in Lissellan. 

North of the Wall (or of Section 4) the raised beach can be traced 
for about half a mile by its appearance, which is tolerably distinct. 
It seems to die out towards the head of the estuary. 

Although this beach is of insignificant extent, it is of some interest 
on account of its recording several oscillations of surface as having 
occurred during Post-Glacial times; for it will be observed that 
from the sections three distinct land-surfaces and as many silt-beds 
can be identified. First and lowest comes the Boulder-clay, evi- 
dently denuded, perhaps after depression, and a deposit of mud and 
gravel, with shells laid on it—First Submergence. Then we have 
the land rising again, marked by a dark sandy bed full of vegetable 
matter (? old alluvium), with, in places, shells at the base, becoming 
in part peat bog—Second Land-Surface. Next comes a deposit of 
gravel, stratified, and in at least two places containing shells— 
Second Submergence. This is covered by quite recent bog passing 
into alluvium along the Keiloge River—Third Land-Surface. And 
the last is now subject to floods at spring-tides—showing that the 
Third Submergence has commenced. 

With regard to this last, it may be mentioned that at the south- 
western corner of the estuary, close to the town, there is a partially- 

‘submerged and silt-covered bog,! which appears to be connected 
with an alluvial flat extending northwards. This bog has been 
buried for many years, for it was recorded on the Six-inch Working 
Map by Mr. Willson in the beginning of the Survey. At present 
there is no trace of it; but during the great storm of 1870 the strand 
was torn up and the bog laid bare. In the summer of that year I 
happened to be in the neighbourhood, and visiting the strand saw 
the bog where it was even then visible between high- and low-water 
mark. It appeared to have been covered by not more than six 
inches of sand, and was certainly in siti, and not the result of a 
quantity of bog having slipped, and spread over the sand. Had this 
been so, it must have been levelled and removed by the tidal action 
long before I saw it. The strand being now re-formed, there is none 
of the bog visible. It is possible that it is contemporaneous with 
the alluvial bog referred to above as capping the last gravel-bed in 
Section 5, at Lissellan; but that either because the land commenced 
to sink towards the south, or by reason of the slope of the ground, 
the latter has as yet only barely come within the influence of the 
water. 

The subject of changes of level in estuaries as shown by the 
presence of alternating beds of peat or vegetable soil and silt, etc., 


1 The strand under which it lies is covered totally at high-water. 
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has been well treated by Mr. T. Mellard Reade, F.G.S., in an elabo- 
rate and exhaustive paper on the Estuaries of the Mersey, Dee, and 
Ribble,’ in which he has made out from three to four distinct 
periods of submergence and upheaval, and he insists on the frequency 
of such movements. This idea seems to me to be well borne out by 
the number of sea and land surfaces shown in such a trifling thick- 
ness of strata as at Tramore. At the same time, we must remember 
that extensive denudation might have taken place between each 
deposit, although this is not denoted by what is going on there at 
present, since we see one part of the bog submerged and silted over, 
while the other is still growing. 

With regard to other parts of our own coasts, I have no doubt that 
the same phenomena have been also observed; but I have no oppor- 
tunity of verifying this at present. However, the shelly gravel of 
Dundalk? may possibly be due to something of the same nature, and 
this is undoubtedly true in the case of the remarkable shell and 
peat deposit underlying Belfast:* while another instance in the 
South of Ireland is furnished by the Estuary of Wexford, of which, 
through the kindness of G. H. Kinahan, Esq., M.R.I.A., I am in 
possession of some details showing that recent oscillations have been 
going on there to a great extent. Around the coast, submerged bog 
is common, and in the Estuary itself the following section is noted 
by him :+— 

“North Mudlands, Wexford Estuary, at the Engine House at 
the ancient island called ‘ The Ridge.’ 


Ft. In. 
4. Marl _... ase ile Jes goo! 8) 605 see) 0 
3. Peat... 60 coe a0 owe eve 000 5 0 
2. Grey muddy stuff ase ae bp ese So 1 5 


l, Marl... ue Hoo He Le ole “lbs 
“The top of the marl, No. 4, is a few fathoms (about four) below 
average high-water mark. This section was procured while sinking 
the foundation of the Engine House.” 


LMNOTICDS | OF IMEEMOoOTRS- 
—_—$>— 
1.—Tue Urrrer Rute Vatiry in Tertiary ano Dinuvian Times. 
By Dr. F. SanDBERGER. 
Das Ausland. No. 50. 16th December, 1873. 
Translated by Mrs. A. C. Ramsay. 
F all the German rivers, there are few the history of which is 
more interesting than that which has gradually resulted in the 

physical development of the valley of the Rhine. It runs from 
Basel as far as Rastadt in a broad valley, which, in an earlier form, 


1 Post-glacial Geology of Lancashire and Cheshire, by T. Mellard Reade, C.E., 
F.G.S., etc., Proc. Liverpool Geol. Soc., November, 1871. An instance of blue mud 
penetrating into cracks in the Boulder-clay beneath is noted (p. 45, Detailed Sections), 
just as in the Sections given above. (See Grou. Mag. 1872, Vol. IX. p. 111.) 

2 On the Shelly Gravel underlying Dundalk, by Gen. Portlock, F.R.S., etc., J ourn. 
Dub. Geol. Soc. vol. i. 

3 Mr. J. Grainger, 22nd Report Brit, Assoc., 1852, p. 42. Also Ex. pl. Memoir 
(Sheet 36), Geol. Survey, Ireland, p. 38. 4 MS, note. 
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dates from immediately before the deposition of the Upper Bunter 
Sandstone, and divides the Palzeozoic rocks of south-western Germany 
into two independent mountain ranges, viz. the Black Forest and the 
Vosges. From thence northward during the Triassic and Jurassic 
epochs it remained as a narrow sea-gulf, connected to the south with 
the Franco-Swiss Jurassic sea, and to the east by a narrow strait 
between Langenbruck and the Lowenstein Hills with that of Swabia. 
Slowly the sea-bottom rose and formed, during the Cretaceous and in 
the beginning of the Tertiary period, a continent, of the inhabitants . 
of which we have at present no knowledge. About the time when 
the deposition of the Calcaire Grossier indicated continental land 
on the south and east sides of the great Paris Basin, which was soon 
covered with freshwater lakes, this event was shortly afterwards 
followed by strata in similar lakes in what is now the Upper Rhine 
valley. i 

From the Upper Saone, over the Jura and Alsace to near Heidel- 
berg, we meet with small patches of light coloured limestone, 
everywhere filled with the same land and marsh shells, whose 
nearest analogues are still living in tropical Asia, and in smaller 
numbers in tropical America. Among them, but still very sparingly, 
some species begin to appear, which at present are confined to the 
Mediterranean district. Large Carnivora of the Lophiodon species, 
such as that described by Cuvier from Buxweiler in Alsace, lurked in 
the thickets on the lake-banks, whilst Crocodiles and bony-plated fish 
lived in the waters. Of the once abundant Flora nothing remains to 
us but a few fruits. We however cannot doubt but that it possessed 
the same preponderating tropical character as the shells. The Upper 
Rhine valley did not remain long under these conditions, the popu- 
lation of the freshwater lakes and their environs gradually changed, 
as is easily shown by a comparison of the shells and vertebrata of 
the older limestones of Buxweiler with those of the more recent 
beds at Brunnstadt in Alsace, and Kleinkems in Upper Baden. 
Lophiodon is replaced by Anthracotherium, more nearly resembling 
the pig, and along with it we find that most important mammal of 
the Paris Basin, made so famous by Cuvier, the pachydermatous 
Palgotherium. This typical form is remarkably interesting, stand- 
ing as it does between the deteriorating forms of the modern 
Tapirs and the Horse, from which it differs so widely, and in south- 
western Germany it must have lived in great numbers, especially on 
the Swabian Hills. In the Middle and Lower Rheinthal the Palgo- 
therium is nevertheless as sparingly represented as the Lophiodon. 
Luxuriant forests surrounded the morasses, the beloved home of the 
Anthracotherium; here also a Fan-palm, Sabal major, most nearly 
allied to the Swamp Palmetto of Southern North America, has 
left, at Lobsann near Weissenburg, numerous impressions of its 
graceful fans; whilst whole banks of the so-called Needle-coal 
testify to the abundance of Conifere. 

Below this the Rhine plain sinks gradually from Delsberg 
as far as Bingen and Kreuznach, and from the south-west the sea 
broke into the extensive depression, and spread along the present 
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bases of the Black Forest, Odenwald, the Vosges, and Haardt, as far 
as the Hundsruck Taunus and Spessarts, completely changing the 
previous contour. The banks of that inland sea, now the Mayence 
Basin, are everywhere still visible. Banks of oysters, covered with 
parasitical shells, corals, sea-acorns, heaped bones of the sea-cow, 
numberless sharks’ teeth, called in the Pfalz ‘“ birds’ tongues,” are to 
be found near Delsberg and Lorrach, as also near Landau, Kreutznach, 
Geisenheim, and Wellenfurchen, often extending for miles, and they 
are also found in other places, such as Lahn and Heppenheim. Rich, 
however, as was the organic life developed in these seas (the number 
of species belonging to the different divisions of the animal kingdom 
hitherto found amounts to about 350), it cannot be compared with 
what we now find in tropical seas. The number of forms which are 
included in the European seas of the present day have markedly in- 
creased, though large thick shells are more sparse, and reef-building 
corals are entirely wanting. A part of this district did not remain 
long covered by the sea. As gradually as it sank it rose again, passing 
through all the stages from strongly saline brackish water to a 
freshwater lake. The animal remains which are found in the strati- 
fied beds of pure sea-sand and clay demonstrate this. First, the 
Oysters, which had begun to return, though smaller in form, vanish, 
followed by the Veneride and Cerithig; and only the tough Mussels, 
which still held their place in the almost entirely unfreshened parts 
of the eastern sea, along with pure freshwater species, are found in the 
upper heds of the Mayence Basin, in which myriads of the little marsh 
shell Hydrobia are found in the Limestone everywhere seen on the 
route from Mayence to Wiesbaden in the Salzbachthal. 

It is in this same Limestone, on the opposite side of the Rhine, 
that the Vertebrate Fauna of Weissenau lies buried, the richness of 
which is only excelled by a few places in southern Europe, such as 
Pikermi near Athens, or Mount Lebéron in the south of France. 
Hornless Ruminants, Civet cats, and small Marsupials, as they ap- 
peared in the early times, still existed in great numbers. Instead of 
the Palgotherium we find Tapirs, and now, but rarely, that slender 
Hippotherium, whose dentition resembles the milk-teeth of the 
Horse so strongly as to bespeak its embryonic type. Instead of the 
Anthracotherium, we still only find the Hyotherium, a middle form 
between the Brazilian Musk-swine and the Asiatic Babirussa. A horn- 
less Rhinoceros (Aceratherium) was already common. The smaller 
animal population, consisting of Martens, Moles, and Hamsters, 
shows a leaning, not without significance, towards the existing forms 
of the temperate zone. The constant progress in this direction is 
all the more striking when one compares the inland shells of the 
somewhat older limestone of Hochheim with those of Wiesbaden. 

Thus we find :— 


Species of tropical Tropical and sub-tropical. 
Asiatic type. America. Canary Isles. S. Europe. 


At Hochheim... 11 oa 16 Ne 9 as 21 
At Wiesbaden.. 3 Bue s sgt 2 Bip 17 
From thence downwards in time we cannot follow the sub- 
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sequent remodelling of the Rhine valley so well, for the coarsé 
gravel of Eppelsheim and other places round Mayence and Worms 
shows a deteriorating and apparently far younger Vertebrate Fauna, 
differing so widely from that of the Hydrobian Limestone that it is 
impossible not to recognize the gap between the two. It is, however, 
only in the Mayence Basin that these gaps are visible. In France 
they appear to be so completely filled up by three successive Faunas 
that the gradual replacing of the older species by newer ones nearly 
related to them is demonstrated with the greatest certainty. Near 
Eppelsheim we find, instead of the hornless Ruminant Dorcatherium, 
and Stags, the south Asiatic Muntjaek (Prox), with simple bifurcate 
horns, along with Rhinoceroses with and without horns. These, how- 
ever, do not long remain the largest forms in this wonderful Fauna, 
as they are soon surpassed by the gigantic Proboscidians, represented 
by Dinotherium and Mastodon. Swarms of Hippotherium lived in the 
woods ; Stags on the prairies, often threatened by an immense 
carnivore (Machairodus), whose teeth exhibited the true type of the 
beast of prey on a scale yet more fearful than that of the Tiger ; 
while the smaller predacious animals of the Civet-cat type had 
apparently to content themselves for food with the small vegetable 
feeders, which were for them but meagre booty. . 

The condition of the Upper Rheinthal during this time was still 
very different from what it is at present, for what is now the Kaiser- 
stuhl, standing isolated in the plain, was then joined to the nearest 
Jurassic hills, and formed with them a watershed. On the south 
side of this the brooks carried Vosges pebbles as far as Delsberg in 
the Bernese Jura, in which the remains of Dinotherium are buried ; 
while where the Birs now hastens northward to the Rhine, a river, 
which held the same course as the Rhine does now, brought Schwarz- 
wald and Vosges stones, and some from the Langenbruck district 
of the Jura to Eppelsheim. From this time onward the gradual 
development of the valley becomes more difficult to follow. It 
appears as if the greater part of the strata of the older deposits, still 
remaining elsewhere till the beginning of the Diluvial period, have 
been partly carried away by denudation during the modelling of the 
older into the modern river-valley, and have partly been covered 
with newer pebbles to so great a height since this later modification, 
that traces of these old terraces can be recognized in but very few 
places. 

The Rhine valley has no equivalent of the Fauna of Perrier in 
France and of Norwich in England, which contains, along with the 
latest Mastodon, the oldest true Elephant; neither has it the newer 
“ Forest-beds,” those old forests sunk under the sea, which extend 
forty miles out from the coast of Norfolk; nor the contemporary 
sands of St. Priest and St. Martial in France, where we find 
Machairodus along with the first typical Bears and Dogs, gigantic 
Stags and Red Deer, Stags of Virginian type with serrated horns bent 
inwards (Cervus verticornis of Boyd Dawkins), and Aurochs. We 
might, from their Flora, assign the well-known brown coal-beds 
near Durkheim, in the Rhine valley, to this period; but as yet they 
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have not yielded any vertebrata nor shells; and there is also a gap 
between the Eppelsheim Fauna and that of the Middle Diluvial 
epoch not yet filled up. 

When and how the dam in the Upper Rhine valley by Schaff- 
thausen and Freiburg was destroyed, and how the river found a 
free course to the north, this is neither the time nor the place to 
decide; this however is certain, the remodelling of the present 
river-bed must have required an extraordinarily long time, and indeed 
was already in existence at the commencement of the Glacial epoch. 
Along almost the whole line from Basel to Bonn we meet, at a 
height ranging up to 150 metres above the present river, an old 
river-bed, which stretches, according to the contour of the land on 
either side, from three to six miles inland to the hill boundaries, 
' which then formed the river-bank, and is still easily recognized as 
river-terraces. The lower bed consists of pebbles and sand, on 
which lies Hill-léess. In the present river-valley, but at a much 
less height above the present water-level, we again find gravel, 
often more than thirty metres thick, and Valley-léess. In this we 
first find, here and there, interstratified thin brown coal-beds, as, 
for example, at Steinbach near Baden-Baden, analogous to the beds 
at Utznach and Dirnten in Switzerland, and Imberg near Sont- 
hofen in Bavaria. As far down as Heidelberg the gravel still 
contains Alpine pebbles and rolled moraine rubbish from the 
gigantic glaciers of the Rhine, as I have mentioned elsewhere. That 
the river must have required a very long time to cut out its channel 
to the lower gravel-bed, now forty metres above its present level, 
in addition to the 110 metres of the 150 metre-level mentioned 
above, requires no further explanation. It had, however, to dis- 
pose of an extra bulk of water in certain seasons, as it does now— 
a point to which I will return later. 

This hypothesis of a long lapse of time agrees not only with 
the mechanical modelling work of the river, but also with the totally 
different character of the Fauna at the beginning and the end of the 
period, which I shall proceed to show immediately. 

In the Rhine valley the larger Vertebrata are found, as in other 
river valleys, chiefly in bays formed by the debouchment of side- 
valleys into the chief one, as for example at Istein. 

With regard to this latter view, the old Main delta, in the imme- 
diate neighbourhood of Hochheim, and from thence as far as Walluf, 
is known as the most celebrated and fertile finding-place for Diluvial 
Vertebrata on the whole Rhine, and in the sandpits by Mosbach 
near Biebrich, and also at Schierstein, they are exceedingly numer- 
ous. The pebbles form a veritable pattern card of all the rocks 
of the Main district. Along with the Sericit shale and Quartzite of 
the Taunus, and the Tertiary stones and Basalts of the neighbour- 
hood of Frankfort, are found the Muschelkalk of the Kinzegthal 
and Bunter sandstone of the same district. Hornblende and Gneiss 
from Aschaffenburg, and, indeed, even the almost indestructible 
siliceous shale from the upper Main in the Fichtelgebirge, are not 
wanting. The coarser gravels contain the larger Vertebrata; the 


220 Notices of Memoirs— 


pebble-beds, interstratified with sand, the smaller bones and horns 
and the larger river-shells; and in the sand is a rich collection of 
land and freshwater shells. ‘The Mosbach Fauna has already been 
made the subject of a learned paper by A. Braun and Herman von 
Meyer, and since then the interest felt in the German Diluvial forma- 
tion has greatly increased. At present I can name 73 species of 
shells, and 24 Vertebrata, but I must be brief about them. 

The greater part of the Mollusca are still living in the Main valley, 
more particularly in the upper part near and above Bamberg; others— 
viz. Valvata naticina, Macrostoma, and Hyalina viridula—are only 
found in the north-east and the north of Europe; Pupa columella 
still lives near St. Petersburg, in Lapland, and on the Gemmi; 
Patula solaria in the eastern Alps and the Silesian hills; others 
attain their southern limit at Frankfort. On the whole it is manifest 
that a much colder climate than that of the Mainzthal at the present 
day must have obtained at the time of the deposition of the Mosbach 
sands. The great difference visible between early times and now is 
presented yet more forcibly by the Vertebrata than by the shells. 
There we find, along with the Horse, Roe and Red Deer, Wild Boar, 
Badger, and Water-rat, still living in the neighbourhood, and the 
Beaver, the last specimen of which was killed near Mainz in the 
beginning of this century; the Elk and Auroch or Urus, which since 
the middle ages has been driven back to the marshy woods of 
northern Europe, Reindeer, now only living in Polar regions, Mar- 
mots, natives of the High Alps, all bearing witness to the Ice 
period. The gigantic Cave-bear, the Giant Stag (Cervus megaceros), 
possibly the mighty Schelch of the Nibelungen, were still among 
the beasts hunted during the oldest “Stone period,’ Elephant, 
Rhinoceros, and River-horse, all strange to the Europe of to-day. 
Elephants are represented by two species, one, the lesser, akin to the 
African £. antiquus (Falconer), and the larger one resembling the 
Asiatic, the Mammoth. The finding of the Mammoth, and also of 
the Rhinoceros of the Léess, in perpetual ice in Siberia, covered 
with hair that adequately protected them from the northern winter, 
shows that they were not southern forms accidentally mixed with 
those belonging to the Arctic climate. The Hippopotamus only can 
be pressed into this view of the subject, inasmuch as Mosbach is its 
northern limit. But as this solitary animal might also have had a 
hairy covering, it is impossible to adduce it as any tenable ground 
for a contrary decision. 

The association of Cave-bear, Mammoth, Reindeer, and Auroch all 
in one deposit at Mosbach, completely confutes the classification, by 
Lartet and Dupont, of the prehistoric times of the French and 
Belgian caves, into the Cave-bear, Mammoth, and Reindeer periods, 
and so forth—a theory which could not be established in the neigh- 
bouring Lahnthal, and which Boyd Dawkins has rightly abandoned 
for England. No trace of Man, not the simplest, rudest, splintered 
stone, has yet been found in the Mosbach sand; and yet the conditions 
of the deposit prove to demonstration that these are precisely of the 
same age as the flint-flake beds in the valleys of the Somme and the 
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Thames, etc., and on one as well as the other lies the Valley-loess, 
the Marl-mud of the Diluvial period, with which we must close our 
observations. 

The fertility of the Nile valley is the only thing to which we can 
compare that of the Rhine, Main, Danube, and Rhone valleys, arising 
as it does from a kindred source, and this fertility already claims for 
this kind of hill country especial notice in the national economy. 
It is also important in the highest degree to the geologist as the result 
of the enormous successive periodical inundations of the Diluvial period. 
One absolute fact, easily calculated, may be deduced from it, viz. 
that in these times the Rhine at Strasburg carried 48 times as much 
water as it now does at its highest, and this will explain the enor- 
mous thickness of the mud. ‘That this only relates to deposits at 
high-water levels is shown most clearly by the shells of the Léess. 
They are almost entirely land-shells, and are certainly such as lived 
in the immediate vicinity of the river and its tributaries. High 
Alpine and hyperborean forms are found in them as well as in the 
Mosbach sand; but the true Alpine forms, such as Clausilia gracilis 
and Helix pilosa, are only found in the streams proceeding from the 
Alps, or in their great tributaries, generally spreading to the north- 
wards. But the forms identical with those now living in the Main 
and Rhine valleys, so largely represented in the Loess, are never 
so common in the present high-water deposits; for example, the 
little amber shell, Succinea oblonga, now a rarity in the Main and 
Rhine valleys, is quite a common shell at St. Petersburg and Stock- 
holm. The Vertebrata (15 species) are mostly the same as those in 
the Mosbach sand, but of Elephants we only have the Mammoth; the 
Rhinoceros Merckii, with the nose-cloison only half bony, is supple- 
mented by the hairy Siberian Rh. tichorhinus, the nose-cloison of which 
is quite bony; the Hippopotamus is quite extinct, and Reindeer and 
Wapiti (Cervus Canddensis) are much more plentiful than at Mos- 
bach. Of beasts of prey, we have here at first the Cave-lion and the 
Cave-hyzna, along with which, in the caves of the Lahnthal, are 
also found the Cave-wolf and Fox. It is most remarkable that of late 
our best osteologists have identified the Cave-hyzena with the South 
African H. crocuta. If this be so, it would be an anomaly without 
parallel in the history of Diluvial animals, indicating an emigration 
of a species of the Glacial period into a tropical climate, and for this 
reason this view must certainly be received with caution. 

With the Loess the Diluvial period closes. No deposit more recent 
contains any complete series of extinct species; and if a division is 
to be made anywhere between Diluvial and Alluvial periods, it must 
be made here. 

We know that Man must have lived at that time, and that, scantily 
fed and roughly clothed, he waged war with the giant beasts of 
the olden time, over whom he remained the victor through the intel- 
lectual superiority which separates him from the nearest and most 
highly-gifted animals. 
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Ji.—Tse Onp Rate Vauiry. By Dr. Hissert, F.RS. 


HE physical structure of the Old Rhine Valley is treated of by 
Dr. Hibbert in “The History of the Extinct Volcanos of the 
Basin of Neuwied,” published more than 40 years ago,! in which he 
gives his views for inferring that the Rhine has not always followed 
its present course from south to north. The subject is noticed in the 
chapter on the state of the Rheinland at the commencement of the 
Tertiary epoch, illustrated by a sketch of the Tertiary geography of 
the Lower Rheinland, showing the division of the Upper and Lower 
Rhine basins. In consequence of a barrier of high land stretching 
across the present site of the Straits of Bingen, and thus filling up 
the small geographical space intervening between the chains of the 
Hundsruck and the Taunus, the marine basin from Mayence to Basle? 
had no connexion with the present channel of the Rhine from 
Bingen to Cologne, or farther north. Its waters flowed in a direction 
quite opposite to that they now maintain, being from north to south, 
while its southerly extremity was connected with the other marine 
basins of Europe by means of narrow channels. The first com- 
mencement of the drainage of the Lower Rhine was through a 
prolonged rent (due to some elevation of the Rheinland), which 
commenced near the present site of Bingen, and was continued in a 
northerly direction as far as that of Coblentz, where the freshwater 
basin of Neuwied commenced, which was of some extent, and con- 
siderably elevated above the level of the sea. The discharge from 
this basin was effected through a subsequent fissure of disruption, 
gradually widened and deepened, by which the water from the 
ancient lake of Neuwied was conveyed to the then extensive lower 
freshwater basin of Cologne, which overflow, in part of its course 
north of Andernach, must have been originally precipitated in the 
form of a cataract. Into the inquiry, whether a still lower fresh- 
water expanse occupied the site of the lower flats of Holland, ex- 
tending even to the shores of England, or into what sea the ultimate 
drainage of this chain of lakes was conducted, Dr. Hibbert does net 
enter, as being beyond the limits of his memoir. 

It is thus seen that the Hundsruck and Taunus were the dividing 
range from which, at an early period, the streams were directed 
north and south, and the inversion of the current of the basin of the 
Upper Rhine was subsequently effected by the last elevation of the 
Huropean Alps, which was the most considerable in the vicinity of 
the lake of Constance, and effected a change in the level of all the 
districts along the valley of the Rhine extending from Basle to 
Bingen, and perhaps even beyond the ancient barrier of Bingen, as 
far as the basins of Neuwied and Cologne, so that a continuous 
declivity was thus formed along the united courses of the Upper and 
Lower Rhine. 

In short, says Dr. Hibbert, the sum of the change effected by the 
elevation of the Alps was as follows:—The waters of the upper 


1 London, 1832. 
2 M. Boue considers this a marine basin of an early Tertiary period. 
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freshwater basin of the Rhine, which had originally flowed from the 
present site of Mayence to Basle, in a direction north and south, 
towards the great inland sea of Hurope, must now have suddenly 
changed their course from south to north, and, in escaping across the 
barrier of Bingen, where a cataract of the most formidable and over- 
whelming character must have been formed, would eventually press 
forwards towards the inferior basins of Neuwied and Cologne, and 
thence to the ocean, which then covered the present flats of Holland. 
J. M. 


JIL—A Comparison or tHe Lower Eocenr or BrEicium anp 
ENGLAND WITH THAT OF THE Paris Basin. By M. Héserr. 
(Ann. Scien. Géologiques, vol. iv. art. 4.) 

N this paper M. Hébert substantiates the opinion which he has 

long held as to the position and succession of the Lower Hocene 
strata in the above-named areas, and which is not quite in ac- 
cordance with the views of other geologists. This subject has 
already been treated of abroad, by MM. D’Archaic, Raulin, and 

Dewalque; and in this country the valuable papers published in 

1852 and 1855 by Mr. Prestwich and in 1866 by Mr. W. Whitaker 

are doubtless well known to students of Tertiary geology. 

M. Hébert divides the Lower Eocene into Upper and Lower: 
the former, according to this author, being represented in all three 
countries ; whilst the lower is found only in France and Belgium, 
and is wanting in England. 

The paper is divided into three parts, namely :—(1), the sands 
of Bracheux and their equivalents in Belgium and England; (2), 
the beds comprised between the sands of Bracheux and the Calcaire 
Grossier ; and (3), the beds comprised between the sands of Bracheux 
and the Cretaceous series. 

1.—The sands of Bracheux constitute the equivalent of the Lower 
Landénien of Dumont, and contain the following characteristic 
species, which are found in both deposits, namely :—Panopea 
Vaudini, Desh., Thracia Prestwichii, Desh.,; Pheladomya cuneata, Sby., 
Ph. Koninckii, Nyst, Cytherea fallax, Desh., Cyprina Morrisii, 
Sby., Cucullea crassatina, Desh.,, Pecten breviauritus, Desh., Turri- 
tella bellovacina, Desh., Natica Deshayesiana, Nyst. 'These sands 
present two distinct fossiliferous horizons, that of Bracheux, and 
that of Jonchery and of Chalons-sur-Vesle. The two beds are 
well shown at the hill of Brimont, where they are divided by a 
sandstone with vegetable impressions. At present, neither in 
Belgium nor elsewhere is there any representative of this upper 
zone. As to the lower horizon of Bracheux, it is not less apparent in 
England than in Belgium, being there represented by the Thanet sands. 

Independently of Ph. cuneata, Ph. Koninckii, Cyp. Morrisit, Cuc. 
crassatina, cited above, and which are characteristic of the Thanet 
sands, M. Hébert has found at Bracheux and Herne Bay Psammobia 
Edwardsii, Morr., and Corbula Regulbiensis, Morris; at. Chalons-sur- 
Vesle and at Jonchery Cytherea orbicularis, Edw., and Scalaria 
Bowerbankii, Morris (fide Desh.); at Vaux-sous-Laon Pecten Prest- 
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wichit, Morris. ‘Thus the paleontological relations are as strong 
between the sands of Bracheux and Thanet as between these and 
»the Lower Landénien—a fact which is further attested by the lists 
of determined species given by Mr. Prestwich in 1852, and com- 
pleted by Mr. Whitaker in 1866, and which are not found in beds 
oe than the Woolwich series. 

2. (a). The Woolwich beds, Lignites of Biaone, and the Upper 
Landénien, 

The identity of the fauna of the Lignites of Soissons and the 
Woolwich beds is complete, for in the Paris basin the fauna of the 
lignites has little relation with that of the Bracheux sands, or even 
with that of Jonchery, its nearest representative. 

Mr. Whitaker cites (Quart. Journ. Geol. Soc. 1866, vol. xxii. 
p. 404) the following species as common to the Thanet sands and 
those of Woolwich :—Corbula Arnouldi, Nyst, Cucullea crassatina, 
Lam., Cyprina Morrisit, Sby., Cytherea orbicularis, Hdw., Glycimeris 
rutupiensis, Morr., Nucula fragilis, Desh., Ostrea Bellovacina, Lam., 
Pectunculus terebratularis, Lam., Psammobia Edwardsii, Morr., Thracia 
oblata, Sby. Two of these species are peculiar to the Woolwich 
series ; others range higher, even to the London Clay ; and some are 
characteristic of the Bracheux sands. ‘Thus, from the succession: 
of the mineral characters, which is the same in the two basins of 
England and France, from the identity of the faunas, and the 
relations which unite these faunas in England, we are acquainted 
with the complete succession of the phenomena, and there is no 
possibility of intercalating between the Bracheux sands and the 
lignites a deposit of a different nature, such as the Rilly limestone, 
notwithstanding the occurrence of a certain number of freshwater 
fossils common to the fauna of this limestone and that of J onchery. 
The relations between the sands of Bracheux and the lignites is still 
more Close in Belgium, so that Dumont has comprised them both in 
his Systeme Landénien. The Upper Landénien corresponds to the 
lignites of Soissons, for we there find the lignite beds and the princi- 
pal fossils of this fauna. 


2. (b). The Clays of Yprés or Lower Yprésien.—London Clay.—Lacuna 
in the Paris Basin.—Emergence.— Oldhaven Beds. 


In Belgium the beds with Cyrena cuneiformis are directly covered 
by the Clay of Yprés, above which occur the glauconiferous sands 
with Nummulites planulatus, Turritella edita, and T. hybrida, and 
other fossils characteristic of the sands of Cuise. This clay, which 
is the perfect representative of the London Clay of England, is 
wanting in France, so that, as suggested by Dumont,' the French area 
was probably emerged during the formation of the Clays of Yprés 
and London. M. Hébert believes there are proofs of this emergence, 
and cites a pebble-bed at Vignolles, between the lignites and the 
Mercin sands, similar to those of Cuise, as a proof of an interruption 
in the deposition, or a lacuna; these pebbles having been produced 


1 Bull. de l’ Acad. Roy. de Belgique, t, xix. 
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during the return of the sea after an emersion of greater ‘or less 
duration. 

The Oldhaven beds which underlie the London Clay are also 
wanting in the Paris basin, nor have they any representative in the 
Belgian area. 


2. (c). Upper Yprésien and Panisélien.—Sands of Cuise.—Lower 
Bagshot Sands. 


Above the Clay of Flanders (Lower Yprésien) are the argillaceous 
sands of the Upper Yprésien, terminated by fossiliferous beds which 
are characterized by species of the sands of Cuise, among which are 
Num. planulatus, Br.; Turr. edita, Sow.; ZT. hybrida, Desh.; Crassa- 
tella propinqua, Wat.; Lucina squamula, Desh. It is above the last 
beds with Num. planulatus that M. Hébert defines the upper limit of 
the Lower Eocene. There is also so much analogy both minera- 
logically and paleontologically between the Upper Yprésien and 
Panisélien, that he considers they ought to be united in a single 
group. 

This reunion into a single stage of the Upper Yprésien and 
Panisélien, and the general correspondence with the part of the sands 
of Soissons which is superior to the lignites, that is, the sands of 
Cuise, has long since been made by Mr. Prestwich,! and although 
some doubt, and even difference of opinion, has been expressed by 
the Belgian geologists on this point, M. Hébert is of the same 
opinion as Mr. Prestwich. 

Thus there are three great marine faunas, that of Bracheux, that 
of the London Clay, and that of the Cuise Sands; these, however, 
are not equally developed throughout the whole area, in consequence 
of the physical changes and oscillations of level which the surface 
has undergone during the whole period of their formation. 


3. Strata comprised between the Bracheux Sands and the Chalk. 


These are divided into different beds by M. Hébert, as shown in 
the Table below, commencing with the lowest or Calcaire de Mons 
reposing on the eroded surface of the White Chalk, and containing 
a rich marine fauna resembling. but differing from specifically, that 
of the Calcaire grossier, as well as some land and freshwater genera; 
its equivalent is wanting in the Paris basin. These beds underwent 
denudation prior to the deposition of the Lower Heersien sands, 
during which the conglomerates of Nemours and Rilly were formed. 

The Lower Heersien sands of Belgium are considered to be 
equivalent to the Rilly sands of France, and the Upper Heersien 
sands as equal to the Rilly limestone, so rich in land and freshwater 
mollusca, and the strontian-bearing marls of Meudon. The over- 
lying Heersien marine marls of Belgium are represented in the 
Paris basin by the conglomerate of Meudon and the marls of 
Dormans ; these marls and all the underlying strata, according to 
M. Hébert, being below the Bracheux sands, and forming the lower 
group of the Lower Hocene strata. 

1 Quart. Journ, Geol. Soc. vol. ii. 1855. 
DECADE II.—YOL. I.—NO. V. 16 
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The following abstract gives M. Hébert’s views respecting the cor- 
relation of the Lower Eocene strata, but which are not in accordance 
with other geologists, including Mr. Prestwich, whose opinion will 
be found in ‘‘ Memoire sur la position géologique des sables et du 
calcaire lacustre de Rilly”” (Marne), Bull. Soc. Géol. France, 2 ser. 
tom. x. p. 800; and also “On the Structure of the Strata between 
the London Clay and the Chalk in the London and Hampshire 
Basin” (Quart. Journ. Geol. Soc. 18538, vol. 6, p. 252, and 1855, 
vol. 8, p. 255). 


TABLE SHOWING THE SYNCHRONISM OF THE LoweER EocENE IN THE BASINS OF 
Paris, BELGIUM, AND ENGLAND. 


Paris Basin. BELGIUM. ENGLAND. 
Lower Calcaire Grossier. Bruxellien. Bracklesham. 
[ 5 (| Sands with Nummutites 
a | PUANUlatUs cerrrecccccrrrieceeseres Pamisélien  .....ceccsssssseseeseee Lower Bagshot 
S | Sands without fossils .......... Upper Yprésien. Sands. 
Ft ||| \Webateh 3 orl aee te cere Clay of Nopres\ dices: London Clay. 
se Mtb yl  INVGAGIINS ee tse neragetee ce Chee ei eneb a Latha ae Oldhaven Beds. 
z% |t> || Plastic clay and Lignites | Upper Landénien ......... Woolwich Beds. 
8 | Sands of Bracheux .............. Lower Landénien .......... Thanet Beds. 
a DENUDATION. DENUDATION. 
& 
e a; (| Marl of Dormans. : f 
4 2 Conglomerate of Mec dont Jeb Mle Wen, | 
& || Calcaire de Rilly, Strontian 
Marls of Meudon. ......... Upper Heersien Sands .| - Wanting. 
5 | Sands of Rillyeee es Lower Heersien Sands . 
| & || Poudingue de Nemours... Gap and Denudation ..... 
(FSG aWantingyis. 1s ees Calcaire de Mons ......... 


General remarks.—It is to be observed that during the period 
corresponding to the lower group of the preceding table, the basin 
of Paris as well as that of Belgium have undergone considerable 
denudation, so that the deposits of this period no longer exist as 
continuous strata, but only as outliers, as is shown by the limestone 
of Mons, the Heersien marl, the Rilly limestone, etc. These 
districts have been, during the early Tertiary period, the seat of 
oscillations, by which they have been alternately emerged and 
submerged. In the stationary interval of these movements deposits 
have taken place, but the incoming and retiring waters have carried 
off the greater portion of these deposits. 

It had been the same at the close of the Cretaceous period. The 
different strata of the Upper Chalk (Craie Supérieure) posterior to 
the chalk of Meudon,—the chalk of Ciply, the Maestricht chalk, the 
pisolitic limestone, have been deposited and denuded under similar 
conditions to those above described. It is the cause of the numerous 
lacunze that are observed, specially in the Paris basin, in the transi- 
tion from the Cretaceous to the Tertiary period. M. Hébert points out 
that he has frequently shown how the sea, at the time of the Chalk of 
Meudon, the Upper Chalk and Lower Hocene, penetrated into the 
Paris basin by Belgium. The basin of Paris at these periods was 
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a gulf dependent on the North Sea, the opening to which was 
between the Ardennes and the Boulonnais, already elevated above the: 
sea level. It is thus natural, as we advance to the North Sea, that the 
lacunze will be less. Belgium would furnish an intermediate term, 
and it is one of these terms that MM. Comet and Briart have 
described. If we could explore the bottom of the North Sea, other 
terms would appear, for Belgium itself only increases the number of 
lacune. 

But that which we call the North Sea is still only a gulf, having a 
communication with the ocean between the Shetland Isles and Norway; 
this gulf has undergone oscillations, and has perhaps been sometimes 
dry land. The complete continuity between these deposits cannot 
be well recognized, and it will be necessary to seek them in the 
great oceanic depressions. . 

However it may be, we conceive that certain species of the pisolitic 
limestone, the Voluta robusta for example, have continued to live 
in the North Sea, and returned to live in Belgium with new species 
at the period of the Mons limestone. The sea at this time, or a 
little after, penetrated into the Paris basin, leaving there some 
slight marine sediments, as those at the base of the Rilly sands ; and 
after its departure, when the basin was transformed into a lake, 
some species, as Cerithium inopinatum, and a genus near to Liotia, 
lived in the brackish waters of the environs of Paris at the time 
when the eastern part of the basin became a lake, the lake of 
Physa gigantea and Paludina aspersa. 

It is scarcely possible, in our present state of knowledge, to 
believe otherwise. We see the intimate relations there are between 
the Rilly limestone and that of Mons. 

The basin of Mons has doubtless been emerged, and the limestone 
denuded before the incoming of the fresh water, which is shown 
by the older Heersien deposits. It remains to be proved if the 
fauna of these waters was similar to that of Rilly. These have 
been replaced by marine waters at a time which appears to cor- 
respond to the formation of the conglomerate of Meudon; and 
during the deposition of the white calcareous marls with Pholadomya 
cuneata, the white calcareous marls of Dormans without fossils 
would be deposited in the Paris basin. 

It is only after this succession of deposits that the invasion of 
the sea of Bracheux occurred, with its sands and rolled pebbles, 
_ eroding the Heersien system and the more ancient deposits of the 
Mons basin, as the marls of Dormans, the Rilly limestone and the 
underlying beds in the Paris basin, and forming an horizon well 
defined, above which the stratification becomes clear and undoubted. 

“Yn returning to this subject,” says M. Hébert, “after an interval 
of twenty years, I can only confirm my former opinion respecting 
the Rilly limestone, and surely if the facts discovered during this 
period tend to prove I was then in error, I should readily recognize 
it, as I prefer to correct myself rather than be corrected by others ; 
but before all I prefer to see truth established on a solid base, even 
if it should be at my expense.” J. M. 
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IV.—Brirer Apstracts. 


Davey, E. C. The “Sponge-Gravel ” Beds at Coxwell, near 
Faringdon; with an Appendix on Cole’s Pits. Paper con- 
tributed to the Newbury Field Club. 8vo. pp. 14. 19 photo- 
graphic illustrations (18 of fossils). Wantage, [1874]. 


The “Sponge-Gravel” (Neocomian) crops out over a space of 
about a mile by a quarter of a mile, and is from 25 to 40 feet thick, 
forming a plateau based on Kimmeridge Clay, and capped in places 
by dark ironsand. The bed is a conglomerate of sand and fossils, 
mostly hardened by a ferruginous cement, and according to some 
authorities must have been accumulated in a deep clear sea, with 
currents; whilst others take it to have been deposited in a shal- 
lower and more sheltered sea. 

There are two large and three small oie some of which have 
been worked for a great time, being mentioned by Llwyd (who 
collected fossils from them) in 1698. In later times they have been 
the subject of much controversy, having been classified as Lower 
Greensand, Upper Greensand, and top Chalk (= Maestricht Chalk). 
The author thinks that Sharpe was led to take this last view from 
the abundance of Polyzoa; but he finds that of the half hundred 
species found at Coxwell, not half a dozen occur at Maestricht. He 
questions also whether there is a single species of Sponge common 
to the two beds, believing that the Manon peziza and M. pulvinarium 
of each are really distinct. 

It is now allowed that these fossiliferous gravels belong to the 
Lower Greensand, or Upper Neocomian, and on these grounds: 1. 
Similarity with Lower Greensand, at Seend, Godalming, Upware, 
and Potton. 2. Presence of Lower Greensand Brachiopoda and 
_ Echinodermata. 3. Infraposition to the Lower Greensand iron- 
sand of Furze Hill. 4. Dissimilarity from Upper Greensand, 
_ which is fairly developed in the neighbourhood. 

The fossils are of two sorts—those that lived on the spot, and 
those derived from beds of Oolitic age. The latter can be dis- 
_ tinguished by colour and condition, and they are chiefly the remains 
of vertebrates ; the former are Sponges, Polyzoa, Echinoderms, and 
bivalve Molluscs, the absence of univalves being remarkable. The 
Sponges are most important, both as forming a large part of the 
gravel and from their good preservation. Sharpe names 16 species; 
but the author would eliminate from his list Manon Faringdonense 
and Spongia Trigeris, adding Scyphia multidigitata, Mich., and Manon 
marginatum, Goldf. (Porospongia, D’Orb.), and altering the name of 
Manon pulvinarium. Chenendopora fungiformis is also questionable. 
These 16 species differ much in form and size; some are funnel- 
shaped, some are single cylinders, some clusters of slender pipes, and 
some are solid, etc. Five characteristic sorts are illustrated, by de- 
scriptions of Verticellites anastomosans, Tragos Faringdonensis, Manon 
marginatum, M. macropora, and M. porcatum. 

By the name of “Cole’s Pits” is known a number of old over- 
grown excavations in sand and conglomerate (Neocomian), extending 


Reviews—Dr. Winkler on Plesiosaurus. 229 


over fourteen acres, which have been thought to have been the 
remains of habitations of an early British race, the largest being 
assigned to no less a person than “ King Cole.” The author shows 
that this view is untenable, and that the pits are only the remains 
of old workings for sandstone and ironstone, as remarked by Godwin- 


Austen. W. W. 


Water, H. The Glacial Drifts of Muswell Hill and Finchley. With 
Map, Sections, and other Illustrations. pp. 24. London, [1874]. 


The author describes the various sections of gravel and Boulder- 
clay at Muswell Hill and Finchley. In accounting for the origin of 
these beds, he says that at Finchley we see the material of a moraine 
which has been extended beneath the sea from the land-ice, and dis- 
tributed, by means other than that of moving water, over the sea 
bottom ; and he also states that the original moraine-form may still 
be seen in the deposit. He adopts Mr. 8. V. Wood’s, jun., theory as 
to the direction whence the glacial clay was brought to Finchley, 
viz. from Lincolnshire, by a glacier probably 1000 feet thick, 
ploughing out materials from the Trias, Lias, Oolite, Neocomian, and 
Chalk, and which had its terminal moraine at Finchley, containing 
relics of most of these beds. F. J. 


RAVLEWS. 


——_@——_ 


Lx PLEsiosavURUS DOLICHODEIRUS, Conys., pU MusrE TEYLER. 
Par T. C. Winker. (Haarlem, 1873.) 


a Teyler Museum, so rich in fossils of all kinds, especially 

those from the lithographic stone of Bavaria, the Oeningen 
marls, and the Maestricht Chalk, has recently acquired a very fine 
specimen of the Plesiosaurus dolichodeirus from Lyme Regis, which 
has been carefully described and illustrated by the indefatigable 
curator, Dr. Winkler, in the third part of vol. iii. of the Archives of 
the Museum. This, the earliest noticed species, and upon which the 
genus was founded by Conybeare, was first discovered in a nearly 
entire state in 1824, and described and figured in the Geol. Trans. 
(2 ser. vol. ii.), and subsequently by Cuvier in the Ossements 
fossiles (tome v. 2me. partie). Previous to the discovery of this 
nearly entire skeleton, remains of the genus had been noticed by 
Conybeare and De la Beche in 1821 (Geol. Trans. 1 ser. vol. i.), and 
in the same work (2 ser. vol. i.). 

Dr. Winkler’s specimen presents the vertebral column entire, 
some bones of the skull, and the half of the lower jaw, the ribs 
broken and displaced, the anterior limbs nearly entire, many 
bones of the posterior limbs, and portions of bones of the pectoral 
arch and pelvis; the length is about 382 metres. There are 
90 vertebre, of which 38 are considered to be cervieal,’ 21 


1 Prof. Huxley remarks: “The cervical vertebra may exceed forty in number, 
though they are generally fewer; and as none of the ribs appear to have been con- 
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dorsal and lumbar, 2 sacral, and 26 caudal. The bones of the 
right fore-limb are nearly all in their natural position, the humerus 
is well preserved, the ulna and radius, short and broad, are succeeded 
by the proximal row of the carpus, which, according to Dr. Winkler, 
consists of five bones; the smallest or pisiform, of triangular form, is 
situated a little without and below the radius. Cuvier stated there 
were only four bones in the first row, and figured but three in the 
Ossements fossiles (tome v. p. 489, pl. xxxii. fig. 1). 

- Prof. Owen describes the carpus as consisting ‘‘ of a double row 
of flat rounded discs,—the largest at the radial side of the wrist; 
the ulnar or hinder side appearing to have more unossified matter” 
(Paleontology, p. 248). Prof. Huxley states “there are six rounded 
carpal bones, arranged in two rows” (Manual, p. 214). 

The Plesiosauria or Sauropterygia are essentially Mesozoic reptiles, 
but the genera have a more or less restricted range throughout that 
period. In the Trias are found Nothosaurus, Pistosaurus. Conchio- 
saurus, Siniosaurus, and Placodus, while Pliosaurus and Plesiosaurus 
are Post-Triassic, the former genus being chiefly confined to the 
Kimmeridge and Oxford Clays, the latter ranging from the Lias to 
the Chalk inclusive, and comprising many species. ‘The first described 
species, P. dolichodeirus, is remarkable for the long neck and the small- 
ness of the head in proportion to the body; P. macrocephalus, Conyb.., 
has the head larger and the neck stronger; the P. Hawkins, Ow., has 
the snout shorter and more narrow; besides these three species there 
also occur in the Lias the P. arcuatus, Ow., P. brachycephalus, Ow., 
P. macromus, P. rugosus, P. subtrigonus, Ow., P. Cramptoni, Baily, 
P. Etheridgii, Huxl. In the Lower and Middle Oolite occur P. carin- 
atus, pentugonus, and trigonus, Cuv., founded upon vertebra, P. erra- 
ticus, Phil., P. trochanterius, Ow., P. eurymerus, Oxoniensis, plicatus, 
Phil., and in the Upper Oolite P. affinis, dedicomus ellipsospondylus, 
trochanterius, Ow., P. carinatus, plicatus, validus, Phil., and P. brachy- 
spondylus, Ow., which, according to Dr. Winkler, is the same as P. 
recentior and P. giganteus, Conyb. ‘The Plesiosaurs lived during 
the Cretaceous epoch ; three species have been described by Prof. 
Owen, the P. Bernardi, P. constrictus, and P. pachycomus ; and Dr. 
Harlan has also indicated a species from the Greensand of New 
Jersey. J. M. 


nected with the sternum, or if such connexion existed it cannot now be traced, it 
becomes difficult to distinguish between dorsal and cervical vertebre, and one is 
obliged to have some other method of separating the two, differing from that already 
adopted. Now, in these animals, the neurocentral suture persists for a considerable 
period, if not throughout life; and the surfaces for the articulation of the cervical 
ribs, which are at first altogether below the neurocentral sutures, gradually rise, in the 
posterior part of the neck, until they are first eut by, and then rise above, the suture. 
It is very convenient, and harmonizes very well with some facts in the structure of 
the Crocodilia, to take the last of the vertebra, in which the costal articular surface 
is cut by the neurocentral suture, as the last of the cervical series’ (Manual of the 
Anatomy of Vertebrated Animals, p. 209). 
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REPORTS AND PROCHHBDINGS. 


== 


GrotoeicaL Society or Lonpon.—I.—February 25th, 1874.— 
John Evans, Esq., F.R.S., President, in the Chair.—The following 
communications were read :— 

1. “Geological Notes on a Journey from Algiers to the Sahara.” 
By George Maw, Esq,., F.L.S., F.G.S. 

The author commences by describing the details observed on his 
journey from Algiers to L’Aghouat, on the borders of the Sahara. 
The distance traversed was 285 miles, or about 210 miles in a 
straight line, and in a direction nearly north and south. No eruptive 
rocks were observed. The oldest rock is a boss of mica-schist and 
gneiss behind the city of Algiers; it forms a low anticlinal, with a 
N. and S. strike. The pass through the gorge of the Chiffa in the 
Lesser Atlas shows hard slaty rocks dipping 8. at a high angle; 
they are repeated as an anticlinal on the south side of the higher 
part of the Tell Plateau, and are probably Mesozoic. In the plain 
separating the Tell from the Hauts Plateaux, and on the south side 
of the latter, red and yellow sandstones form anticlinals; these 
rocks resemble the Bunter in mineral characters, and are overlain 
by red marls resembling the Keuper. In the northern escarpment 
of the Hauts Plateaux saliferous marls are exposed, interstratified 
between the sandstones and below the red and grey marls. Crystals 
of salt and gypsum are intimately mixed with the grey marls, and 
the so-called ‘“‘Rochers de Sel ” are capped with great blocks of 
rock tumbled about in confusion, the position of which the author 
ascribes to the failure of support due to the solution of the salt in the 
underlying salt-marls. A thin series of bright red and green marls is 
seen to overlie the Red Sandstones in several places ; and above this 
is an immense series of dark grey marls, interstratified with argil- 
laceo-calcareous bands, forming a great synclinal of the Hauts 
Plateaux, and a contorted mass on the Tell Plateau. ‘These are 
probably Cretaceous. At L’Aghouat they are overlain by fossiliferous 
beds, probably of Miocene age. Other Tertiary beds observed are 
soft yellow calcareous freestones on the flanks of the promontory of 
Algiers and of the Lesser Atlas, and some red and grey marls and 
ferruginous freestone capping the Tell plateau, the former at a height 
of 100-900 feet, and the latter of 2500-4000 feet above the sea- 
level. The plain of the Mitidja, between the Lesser Atlas and 
Algiers, consists of grey loam with shingle-beds, of Post-Tertiary 
age. A similar loam covers the great plain of the northern Sahara, 
and rises to a height of 2700 feet. Raised beaches occur on the 
coast up to an elevation of 600 feet above the sea-level; and similar 
beaches are found inland, south of the Tell Plateau, at a height of 
2000 feet. 

The oldest land in the line of section is the anticlinal of mica- 
schist near Algiers, the strike of which is nearly at right angles to 
that of the other rocks. The upheaval of the Mesozoic rocks was 
contemporaneous with the first upheaval of the Lesser Atlas; it was 
followed by a long period of denudation, and this by a subsidence of 
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at least 3000 feet in Tertiary times, during which the Miocene 
deposits were formed, The Tell Plateau was thus elevated at least 
4000 feet, and the district north of the Lesser Atlas at least 1000 
feet, the north face of those mountains probably marking a Post- 
Tertiary line of fault of 8000 feet. This operation was followed by a 
long period of denudation, and this by a Post-Tertiary depression, 
which the author terms the “Sahara submergence”; after which the 
land was re-elevated at least 3000 feet, but perhaps considerably 
more. A gradual subsidence appears to be still taking place. 


Discussion.—Mr. W. Boyd Dawkins considered an elevation of 3000 feet neces- 
sary to allow of that migration of animals through Spain and Sicily to and from 
Europe and Africa which took place in Pleistocene times; and this view appeared to 
be confirmed on physical grounds by Mr. Maw. He believed that a great axis of 
disturbance ran east and west along the course of the Mediterranean; and to this the 
strike of the beds observed by Mr. Maw was parallel. 

Mr. Bauerman called attention to the excellent drawing of a desert escarpment 
exhibited by Mr. Maw. He said that this drawing perfectly represented what is to 
be seen in every dry desert country, like the north of Africa or Arabia. In the latter 
country the succession of the beds of Neocomian and Tertiary age was similar to that 
observed in Algeirs. He thought that the disturbances attributed by Mr. Maw to the 
dissolving out of salt, were in reality due to the dissolving of gypsum. ees 

Mr. Davidson remarked that thirty years ago M. de Verneuil found many fossils in 
the region to which Mr. Maw’s paper related. ‘These included a great Ostrea, Tere- 
bratule, and other forms which were both Miocene and Pliocene. 

Prof. Ramsay asked for information as to whether there was evidence of a great 
sea having extended across the north of Africa at a comparatively recent period, as he 
thought that this would explain certain ethnological phenomena. He was struck by 
the difference of the elevation of that part of the Sahara visited by the author as 
compared with that described by Prof. Desor. 

Mr. Prestwich considered the occurrence of recent shells at so great a height some- 
thing quite new. The former French observers had referred to their occurrence on 
the Sahara itself, and below the level of the sea. Subsidence appeared to be still 

oing on. 
: The Rev. Mr. Housman remarked that the eastern coast of Spain was still rising. 

The President observed that the existence of such tracts of high and absorbent 
soil as those described might with even a moderate amount of rainfall account for 
the supply of water to the Artesian wells with which the lower part of the Sahara is 
dotted. He mentioned that Cardium edule and Buccinum gibberulum had been found 
in the Sahara by Desor, and that the latter had been considered identical with a shell 
now found on the N.W. coast of Africa. ee: 

Mr. Maw briefly replied, and stated that the Haut Plateau referred to in his paper 
was a tongue of elevated land, east of which, at all events, the desert stretched away 
at or near the sea-level; and this was undoubtedly submerged during the period of 
depression. He thought that the sea also probably extended westward at the same 
time, perhaps to the Gulf of Guinea. 


2. “On the Trimerellide, a Paleozoic Family of the Palliobranchs 
or Brachiopoda.” By Thomas Davidson, Esq., F.R.S., F.G.S., etc., 
and Prof. William King, Sc.D. 

In this memoir the authors describe in detail certain Brachiopoda, 
for which they propose to establish a distinct family, discuss the 
characters and affinities of the family, and indicate certain geological 
considerations which arise from their study of its members. The 
first known species were described in 1853 under the names of 
Obolus Davidsoni and O. transversus, but in 1862 Mr. Billings de- 
scribed an allied form as constituting a new genus called Trimerella. 
With this Gotlandia of Dall (1870) is identical. In 1871 Prof. Hall 
proposed the new genera Rhynobolus and Dinobolus, and in the same 
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year Mr. Billings established the genus Monomerella. Rhynobolus 
is regarded by the authors as a synonym of Trimerelia; and 
several other proposed genera being similarly cancelled, the authors 
retain only the genera. Zrimerella, Dinobolus, and Monomerella as 
constituting their family Trimerellide. 

The Trimerellide are described as having a calcareous shell, 
generally massive, with the umbo of the pedicle valve often large, 
pointed, solid or hollow; area usually of considerable size, with a 
large solid deltidium ; hinge of both valves slightly dentated ; in the 
_ interior of each valve there is a more or less elevated platform, 
longitudinally placed, and either solid or doubly vaulted ; and from 
the middle of its anterior end a median plate occasionally projects 
into the anterior half of the valve, especially in the brachial valve. 

In discussing the affinities of the new family, the authors enter in 
considerable detail into the arrangement and functions of the muscles 
of the Brachiopoda, and show, from the muscular indications and 
other characters of the Trimerellide, that they are most nearly allied 
to the Lingulide, although presenting characters of sufficient im- 
portance to warrant their separation as a distinct family. 

As far as is at present known, the Trimerellide are confined to the 
Cambro-Silurian and Silurian systems; but the authors indicate the 
probability that in the Cambrian or early Cambro-Silurian rocks a 
generalized form will hereafter be detected, bringing Discina, Lingula, 
and Obolus into close relationship, as regards their myology, with 
each other and with Dinobolus. Such a form would constitute the 
root from which the Trimerellide have originated. 

The genera and species described are as follows :— 

Genus 1. Zrimerella, Billings (1862). Sp. 1. Z. grandis, Bill. ; 
2. L. acuminata, Bill.; 3. Z: Lindstrémi, Dall; 4. 7. Billingsit, Dall ; 
0. T. (?) galtensis, Bill., = minor, Dall; 6. 7. Ohioensis, Meek; 7. 7. 
Dalli, Dav. and King; 8. 7. Wisbyensis, Dav. and King. 

Genus 2. Monomerella, Billings (1871). Sp. 1. JL prisca, Bill.; 
2. M. Walmstedti, Dav. and King; 3. Jf Lindstrémi, Dav. and King ; 
4. M. orbicularis, Bill. 

Genus 8. Dinobolus, Hall (1871). Sp. 1. D. Conradi, Hall; 
2. D. Davidsoni, Salt.; 3. D. Canadensis, Bill.; 4. D. transversus, 
Salt.; 5. D. Woodwardi, Salt.; 6. D. magnificus, Bill.; 7. D. Schmidti, 
sp. n. 

The authors further discuss the characters of Professor Hall’s 
Lingulops Whitfieldi, which they regard as in some respects inter- 
mediate between the Lingulide and Trimerellide, and describe under 
the name of Chelodes Bergmani, a fossil sent to them by Dr. Lind- 
strom under the impvession that it was a Trimerellid. They indicate 
its points of resemblance to Zrimerella, but think that it really 
belongs to the section of the Coelenterata represented by Calceola 
and Goniophyllum. The fossil is from the Isle of Gothland, and was 
obtained from a formation equivalent to the Aymestry limestone. 

Discusston.—Mr. Hicks remarked that the oldest known Lingulid is Lingulella 


primeva. The Lingule in the earliest rocks increase in size as they approach shallow 
deposits, and higher up, namely in the Lingula-flags, a change takes place in their 


234 Reports and Proceedings. 


form. In the Menevian beds, which were deposited in a deep sea, the shells are | 
small. Mr. Hicks thought, therefore, that we must admit these changes to be due to 
changes in the conditions of existence. The Lingude had been declared to be allied 
to the Annelids; the Trilobites were also allied to the Annelids, and these three are 
the earliest known forms of life. It would be well worth while to follow the inquiry 
how far they were related. 

Prof. Ramsay was delighted to hear the opinion expressed by Mr. Davidson, that 
the distinction of species was merely an abstract idea. He had always considered 
that the apparent distinction of species was due to the absence of the connecting 
links. He was thankful to Mr. Davidson for stating that in different geological 
formations there were forms which had received distinct specific names, but which he 
could not distinguish otherwise than by their derivation. Mr. Hicks had spoken of 
the three forms of organisms which occur deep down in the Cambrian, and founded 
an argument upon their rarity. But Prof. Ramsay had long maintained the hetero- 
dox opinion that the Lower Cambrian was a freshwater formation, in which marine 
deposits are here and there intercalated. He looked forward to the future discovery 
of marine Lower Cambrian beds with a much richer fauna, and considered that it was 
only from accidental circumstances that the fauna of the Lower Cambrian is so poor. 

Mr. Etheridge also called attention to the poverty of the Lower Cambrian fauna in 
Great Britain. 

Mr. Boyd Dawkins remarked that the most lowly organized forms seemed to be the 
most persistent. 


3. ‘Note on the Occurrence of Sapphires and Rubies in siti with 
Corundum, at the Culsagee Corundum Mines, Macon Co., North 
Carolina.” By Col. C.W. Jenks. Communicated by David Forbes, 
Ksq., F.B.S., F.G.S. t 

The mine described in this paper is in a hill situated about nine 
miles east of Franklin, the chief town of Macon County, rising 
about 400 feet above the valley. The hill is a boss of serpentine 
protruded through the surrounding granite. The corundum occurs 
in five nearly parallel veins, cropping out for about a mile along the 
steep side of the hill in a direction N.E. and §8.W. ‘The veins all 
dip to the 8.H. about 45°. They are thin at the surface, but widen. 
out as they descend, the thickness of the vein in the deepest working 
(75 feet) being about 10 feet. They consist of a mass of chlorite, 
Jefferisite, and corundum, the latter forming from one-third to one- 
half of the mass, and occurring in crystals imbedded in the other 
minerals. The author gives a list of several minerals which also 
occur in the veins, including two new silicates, which Professor 
Genth has called Kerrite and Maconite. Analyses of some of these 
minerals and of the serpentine rock are appended to the paper. 
Some of the crystals of corundum weigh as much as 300 pounds. 
The corundum is crushed and used for grinding and polishing stones, 
glass, and metal ; about 200 tons have been extracted from the mine. 
The colour of the crystals is very variable, and some of them show 
different colours in different parts. Many rubies and sapphires have 
been already procured and cut for setting. 


Discussion.—Mr. Warington W. Smyth considered the communication made by 
Col. Jenks as a very important and interesting one. He referred to the nature of 
these gems, and expressed a hope that Col. Jenks’s further operations might result in 
the discovery of large and fine crystals. 

Mr. D. Forbes remarked that much credit was due to Col. Jenks for having fol- 
lowed up the fragmentary evidence which he originally obtained with such good 
results. ‘The origin of these gems had long been a disputed point; all those hitherto 
obtained have been found in a waterworn state in the beds of streams. Col. Jenks 
had discovered the actual home of the so-called Oriental ruby and sapphire. 
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Prof. Tennant observed that Mr. Sheppard had years ago brought hom e sapphires 
from the same district. They were obtained from the beds of rivers. 

Col. Jenks gave some further statements with regard to the depth to which the 
corundum-veins referred to in his paper have been worked, and stated that some of 
the crystals obtained from the veins could be broken across by a very slight pressure 
in the fingers when first taken from the vein, but that they became hard by exposure 
to the air. 

JL.—March 11th, 1874.—John Evans, Esq., F.R.S., President, in 
the Chair.—The following communications were read :— 

1. “On the Relationship existing between the Hchinothuride, 
Wyville Thomson, and the Perischoechinide, McCoy.” By R. 
Htheridge, Esq., jun., F.G.S. 

In this paper the author referred in the first place to the peculiar 
characters of the genera Calveria and Phormosoma, Wyville Thom- 
son, and especially to those in which they approach the Cretaceous 
genus Hchinothuria, 8. P. Woodward, and which led Prof. Wyville 
Thomson to include these three forms in his group Hchinothuride. 
He remarked that an overlapping of the interambulacral plates, 
more or less like that occurring in these three genera, is met with 
also in Archeocidaris, McCoy, and Lepidechinus, Hall, belonging to 
the group of Paleozoic Echini which McCoy proposed to call 
Perischoechinide, and which is characterized by the presence of 
more than three rows of plates in the interambulacral areas. As 
there is no overlapping of these plates in the other genera referred 
to this group, it includes two types of structure. The author then 
discussed the characters presented by the test in the genera of the 
Perischoechinides (namely Archeocidaris, Palechinus, Perischodomus, 
Lepidechinus, Hocidaris, Melonites, and Oligoporus), and pointed 
out that although we have no conclusive evidence of the presence 
of membranous interspaces along with the overlapping plates in 
Archeocidaris, the fragmentary condition in which the remains of 
that form are usually found would lead us to infer their existence. 
No known Paleozoic genus exhibits the want of distinction between 
the ambulacra and interambulacra on the ventral half of the test 
seen in the recent genus Phormosoma. In Melonites and Oligoporus 
the author described an increase in the number of rows of plates in 
the ambulacra, and he indicated that all the Perischoechinide differ 
from the later Echini by the increased number of perforations in 
the ocular and genital plates. 

Discussion.—Mr. Etheridge described Calveria as resembling an elastic ball rather 
than an ordinary Sea-urchin, its calcareous plates being held in place by a flexible 
membrane, and as connecting the ordinary forms with Hehinothuria, in which the 
plates slide over one another like armour. He remarked that the apical disks vary 
in each genus; in the Paleozoic genera the ovarian plates have three or more, and 
the ocular plates two, perforations. The interambulacral areas in the Paleozoic 
genera have invariably more than two rows of plates. In Arch@ocidaris the plates 
have bevelled edges. The chief point of the paper was its indicating that a type 
supposed to have been long extinct is still represented in our seas. 

Mr. Seeley observed that the buccal membrane in the recent Echinida has over- 
lapping plates, so that if the development of the plates usually forming the remainder 
of the test were arrested, forms would be obtained approaching those described in the 
paper. He stated that in his opinion both the Echinoderm-type and the Brachiopod- 
type have analogies with the Annelids. 

Mr. H. Woodward stated that the author of the paper had done much towards the 


236 Reports and Proceedings. 


investigation of the Carboniferous fossils of Scotland. He had detected in the 
Carboniferous rocks undoubted spicules of Synapta and Chiridota, showing that the 
soft-bodied Echinoderms were in existence at the period of their deposition. Mr. 
Woodward further remarked that of the Holothuride some forms, such as Psolus, 
have an oral disc protected by imbrieated calcareous plates. 

Mr. Gwyn Jeffreys added that Calveria hystrix was dredged off the Faroe Islands, 
and subsequently in the Bay of Biscay. He remarked that many missing links will 
probably be found hereafter, and that nomenclature will be benefited thereby ; thus, 
if Echinothuria and Calveria really belong to the same genus, one of these names may 
be discarded. In support of this view he stated that the Paleozoic Ewomphalus is 
identical, as regards the characters of the shell, with the recent Homalogyra. It is 
very desirable that zoologists and paleontologists should employ the same names. 


2. “On the Discovery of Foraminifera, etc., in the Boulder-clays 
of Cheshire.” By William Shone, Esq., jun. Communicated by D. 
Mackintosh, Esq., F.G.S. 

In this paper the author described the occurrence of Foraminifera, 
Entomostraca, and some other small organic bodies in the Boulder- 
clay at Newton by Chester, and at Dawpool. They were found 
partly in the interior of specimens of Turritella terebra, and partly 
free in the Boulder-clay; but those obtained from the Turritelle were 
in better condition than the others. The Foraminifera generally 
agree precisely with those found in the tidal parts of the river Dee. 
The author stated further that the Zurritelle containing Foraminifera 
are filled with a fine greyish-white sand, in which the minute fossils 
abound, and he discussed the probable conditions under which the 
deposit containing them had been formed. 


Discusston.—The President remarked that there seemed to him to be two principal 
points for discussion in the paper ; first, whether the Foraminifera cited were peculiar 
to brackish water; and secondly, whether the Twrritel/e had been transported. 

Mr. Gwyn Jeffreys said that the Foraminifera sent by Mr. Shone are exactly the 
same as those found on the shores of England, Wales, and Scotland. The Turritelle 
presented a puzzling question. The Foraminifera-inhabit the edge of high water, 
and would naturally fill any shells that might be lying on the shore about that line. 
They might have been transported by ground ice. The species was Turritelle terebra, 
the common species on the coast. Mr. Jeffreys remarked that we know comparatively 
little of the Arctic fauna at present, and that it was highly desirable that an expedi- 
tion should be sent to investigate the marine fauna of high northern latitudes. 

Prof. T. Rupert Jones stated that the Rotalie are not identical all round the coasts, 
those from different localities presenting different characters, as may be plainly seen 
in the Rotalia Beccarii of the Adriatic and of the English coasts. Various circum- 
stances seem to act in changing the forms, especially whether the animals have 
inhabited deep or shallow water, or water more or less fresh. The Glodigerine have 
thicker shells in deep than in shallow water. When ill-nourished, Foraminifera alter 
in the style of their outline. 

Prof. Hughes remarked upon the difference of opinion prevailing as to the geogra- 
phical affinities of the shells found in this deposit, and as to the origin of the deposit 
itself, He discussed the question of the origin of the clay, and came to the conclusion 
that it was not a true Boulder-clay, but derived. 

Mr. Seeley referred to a Boulder-clay at March in Cambridgeshire, containing 
Foraminifera now common on our present shores. 


3. ‘On the Occurrence of a Tremadoc area near the Wrekin in 
South Shropshire, with Description of a new Fauna.” By Charles 
Callaway, HEsq., M.A., B.Sc, ete. Communicated by Dr. H. A. 
Nicholson. 

The author stated that in an exposure of light green, micaceous 
shales dipping south-east at 50° at Shineton near Cressage, which are 
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represented as of Caradoc age in the Geological Survey Map, he found 
a series of Trilobites and other fossils, which induced him to regard 
these Shineton shales as belonging to the Lower Tremadoc series. 
He described as new species: Asaphus Hos, Conocoryphe Salteri, C. 
angulifrons, Platypeltis Croftii, Conophrys Salopiensis, Lichapyge cus- 
pidata, Lingulella Nicholsoni, Metoptoma Sabrine, and Theca lineata. 
The author regarded these shales as the equivalents of beds contain- 
ing Dictyonema found near Malvern and at Pedwardine. 


Discussion.—Mr. Etheridge differed entirely from the author, and thought the 
fossils exhibited by him were of Caradoc age. 

Mr. Hicks was inclined to refer the fossils to the Upper Llandeilo, but the frag- 
ments exhibited were not sufficient to enable the species to be determined. 


CORRESPONDENCE. 


ot 
THE SOURCE OF VOLCANIC HEAT. 


Srr,—Were it not for the sincere respect I entertain towards Mr. 
R. Mallet, I should say there is something ludicrous in the persistence 
with which he continues to saddle me with the advocacy of one or 
both of what he, writing ex cathedrd, pronounces to be “ the mori- 
bund theories of a thin crust and liquid nucleus, or of Hopkins’s 
fiery lakes.” You have already, in the note to his paper, referred 
to proofs that I have rather thrown doubts on both these hypotheses 
than accepted them. I have been always slow to dogmatize upon 
the condition of what is so glibly called the nucleus of our globe, 
seeing how little we can know of it beyond the mere skin, and how 
ignorant we are of the laws through which extremes of temperature 
and pressure (not to mention other agencies, such as electric and 
magnetic currents, diffusion of fluids, imperfect elasticity of solids, 
solution of solids in fluids, and other chemical changes)' may 
affect the condition of the interior, even on the hypothesis of 
its condensation from nebular matter. JI have rather, from the 
first, leant to the opinion that the immediate sub-cortical matter 
of our globe, under varying conditions of heat and pressure, not 
unfrequently passes, locally, from a solid to a fluid, and even a 
partially vaporous state, and back again. All that I have contended 
for, and that rather as an undeniable fact than a theory, is that there 
must exist, within and beneath the vents of active volcanos, consider- 
able masses of more or less liquid matter at an intense temperature 
(lava), and of indeterminate extent, whether in a vertical or lateral 
direction. And this much, if not more, Mr. Mallet himself must 
believe; otherwise, where is he to get the fused matter which he con- 
siders to have been forced upwards by hydrostatic pressure to form 
the immense masses of plutonic rocks ? 

The only question really at issue between Mr. Mallet and myself 
relates to the source of the intense internal heat so evidenced in sub- 
terranean lava masses; that is, whether it is derived chiefly and 
directly by conduction or convection, or both, from the heated 
nucleus of the globe (which Mr. Mallet himself postulates), or 


1 See a paper by Sir W. Thomson on the Dissipation of Energy, in Nature of 
April 9th, 1874. ' 
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directly and exclusively from the crushing of the superficial rocks 
as they follow downwards the shrinking nucleus. The former is my 
view, the latter Mr. Mallet’s. Let us clearly understand each other, 
and there need be no disagreement between us on other points. 

G. Poutert Scropz. 


PALAOZOIC STARFISHES. 

Srr,—In the January Number of this Macazine a list is given of 
Paleozoic Starfishes. It is not, however, complete yet. Allow me 
to call your attention to a paper by Simonowitsch (Sitzungsb., 
Wiener. Ak. 1871, Band 64), where the following new species were 
described :—Aspidosoms petaloides, Sim.; Asterias acuminatus, Sim. ; 
Xenaster margaritatus ; Xenaster simples. 

This last genus is a particularly interesting one. All the above are 
from Devonian beds. The following have also been apparently 
overlooked :—Aspidosoma -Arnoldii, Goldf.; Celaster latescutatus, 
Sandb.; <Asterias rhenana, Mill. 

These will considerably enlarge your list of Devonian species. 

KE. B. Tawney. 


“ CREEPS.” 

S1r,— Happening to read, in your March-Number, Mr. R. Mallet’s 
letter ‘“‘In reply to Mr. Scrope’s Observations, etc.,” the “Creeps” 
of the Coal-fields, as described in Lyell’s Elements, and in Nau- 
mann’s Lehrbiich der Geognosie, at once occurred to me. Indeed, 
I should be very happy to learn, and be much obliged to any one 
who would be so kind as to inform me, whether similar causes 
might act upon a large scale, producing earthquakes, igneous ejec- 
tions, and even elevation of mountains. 

Supposing a large excavation to have been made by the eroding 
and dissolving action of subterranean waters (or by other means), a 
sink-hole or subsidence of the soil may result; but were an up- 
lifting and fracturing of the floor with a rubbing a total impossi- 
bility, would this rubbing be sufficient to produce heat? Agreed, 
heat would result; let us multiply the masses twice or thrice, 
perhaps a greater amount of heat arises? Finally: Some part of the 
earth’s crust having, from any reason, lost its stability or power to 
resist the tension, creeps upon a large scale taking place, fissures 
being produced, rubbings would result, a fragment some miles of 
width rising slowly, dislocations (structure en éventail), upheaval 
or subsidence of the soil or crust, and igneous ejections or even 
volcanic phenomena being caused ; would such a state of things be 
at all compatible with the present state of science—or of nature ? 

“Mi pare perd che farebbe veramente un vano sforzo d’ingegno 
chi volesse spiegare in questo modo le oscillazioni della crosta del 
globo.” —Stoppani, Corso di Geologia, ii. § 473, 1873. 

“Unter diesem von der Mitte aus abwarts wirkenden Druck 
bildete sich in dem Feldspathgebirge die facherformige Schieferung 
aus.” —Studer, Geol. der Schweiz, vol. i. p. 172, 1851. 

“Les tremblements de terre, dont la cause est plus mystérieuse, 
malgré les travaux si remarquables et si précieux de M. Alexis 
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Perrey et ceux de M. R. Mallet, les soulévements contemporains, 
etc.’—A. D’Archiac, Géol. et Paléont., p. 737, 1866. 

“This found, I will, like a veteran rat, hasten away before I have 
an old house about my ears.” —W. Irving, Little Britain. 


Ronne on BornHoLM, DENMARK, M. JEespersen. 
April 12, 1874. 


HYBODUS, A COAL-MEASURE FISH. 

Srr,—Allow me to correct an error that has inadvertently crept 
into my paper on the above subject, that appeared in last month’s 
Maeazine. The sentence at the foot of the group of illustrations 
says, “Teeth of Hybodus (Figs. 1 and 2), compared with teeth of 
Cladodus (Figs. 3-6).” It should have been, “Teeth of Hybodus 
(Figs. 1-3), compared with teeth of Cladodus (Figs. 4—-7).” The 
whole tenour of my paper was to prove Fig. 3 a tooth of Hybodus, 
and not of Cladodus. 

NEWwCASTfLE-on-TYNE. W. J. Barxas, M.R.C.S.E., ete. 


THE FLEET. IN REPLY TO THE REV. O. FISHER. 

Str,—The Rev. O. Fisher has written a short letter, in which he 
objects to certain statements in my paper on the origin of the Fleet. 
I did not attempt to disprove Mr. Fisher’s theory, as I considered it 
unnecessary if I gave a better. I don’t think I said the present 
shore-line of the Fleet was formed by marine erosion, because since 
it became a lagoon it must have been considerably modified ; due to 
the meteoric waste of the adjoining land, the growth of peaty accu- 
mulations, and the erosion due to wind and the waters of the lagoon. 
I should imagine the original shore-line was a gradual curve, while 
at present it is full of indentations and small bays. 

From what data can Mr. Fisher affirm that there were “ never 
marginal cliffs to the lagoon”? If cliffs had once existed, and com- 
posed of frail materials, they would long since have disappeared, 
and all surface traces of them have been obliterated, the ground being 
now a long gradual slope; this is the case with the lagoon called 
Lady’s Island Lake, mentioned in my paper. But in drainage or 
similar works, sections will be exposed showing the site of the cliffs. 
From the Ordnance Maps I question if any of the margins of the 
lagoons I enumerated would be considered due to marine erosion; yet 
in most cases in their vicinity the old sea cliffs can be traced, but not 
always without railway works or other deep cuttings. 

I strongly suspect if the bank of the Fleet is moving inwards, that 
the margin of the Fleet will do likewise, and this seems to be 
allowed by Mr. Fisher, so that if its area is curtailed on one side, it 
increases on the other, and eventually, if the bank is moved back- 
wards to the original cliff-line, still the Fleet will be found behind 
it, or an alluvial flat that can be reclaimed. 

I do not understand what Mr. Fisher means when he says, in 
connexion with the bays he enumerates, they “cannot possibly have 
been formed by the sea, they must be drowned valleys.” Now ail 
the lagoons I have seen must be “ drowned” or submerged valleys; 
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but that does not prevent marine action having previously taken a 
part in excavating them. Marine and meteoric denudations may 
have formed them at the first, but marine action built the bar across 
them, while marine and meteoric action is now filling them up, 
sometimes one and sometimes the other being the chief worker. 


G. H. Kiyanan. 


MIiSCHUiULANHOvsSs. 

Discovery oF A Coan SEAM at Sanpwett Parx.—A _ coal 
seam, two and a half feet thick, was lately struck in the Sand- 
well Park trial sinking, West Bromwich, at a depth of 380 
yards, the seam “dipping” six inches per yard. Several mining 
engineers of great experience have visited the colliery, and pro- 
nounce the seam to be “brooch coal,” in which case there can be 
little doubt that the thick coal measure is not far distant. The dis- 
covery has caused a good deal of excitement in the district, and an 
important advance in the value of the shares has already. been 
established. Subsequently another seam known as the “ Herring- 
coal” was reached, and the last reports state that they are still 
sinking in splendid Coal-ground. 


@r= Or Ase aye 


PROFESSOR PHILLIPS, 

Born 257TH Dec. 1800. Diep 241TH Apri, 1874. 
The sad intelligence has just reached us of the loss of one of 
England’s most eminent geologists, and, to very many amongst 
us, of a most dear and valued friend. Prof. Phillips’s death 
was the result of an accident. On the 28rd April he had been 
dining at All Souls’ College, and was returning, accompanied 
by the Principal of Jesus, when, in crossing the top of a stair- 
case, his foot unhappily slipped, and he fell headlong down a 
flight of stone stairs. Paralysis and unconsciousness came on 
instantly, and about one o’clock on the 24th he expired. He 
was just 73 years of age. 

Left an orphan at eight years of age to the care of his uncle 
William Smith, well known as “the father of English Geology,” 
he was, as one may say, “to the hammer born.” His connexion 
with the Yorkshire Philosophical Society dates back to 1826, 
and with the British Association from its establishment in ~ 
1831; indeed ‘he was the life and soul of its annual réunions.” 
He presided over his favourite Geological Section last year at 
Bradford in his usual happy and delightful manner. 

His connexion with Oxford dates back to 1853. He has 
long outlived Buckland, De la Beche, Faraday, and Murchison, 
and has survived Sedgwick little more than a year. Few men 
have been more highly esteemed in life or will be more sin- 
cerely regretted in death than John Phillips." 


1 See Biographical Notice of Prof, Phillips (with a Portrait), Gzox. Mac. 1870, 
Vol. VIL. p. 301. 
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J.—Dersoription oF OYCLOPTYCHIUS CARBONARIUS, HUXLEY, FROM 
THE Coat Merasurus oF NortH STAFFORDSHIRE. 


By R. H. Traquair, M.D. 
(PLATE XII.) 


HE beautiful little fish, from the North Staffordshire ‘‘ Deep 
Mine Ironstone,” named by Prof. Huxley Cycloptychius car- 
bonarius, has hitherto never been figured, and only.a brief descrip- 
tion of it was published in 1865 by Prof. Young, of Glasgow.' 
Cursory allusion has been made to its teeth by Messrs. Hancock and 
Atthey,” and to its scales by Mr. T. P. Barkas.* 

Mr. Ward, of Longton, Staffordshire, having kindly lent me the 
beautiful series of specimens in his collection, I am enabled to give 
amore detailed description, which I hope will be rendered intelli- 
gible by the figures on the accompanying Plate XII. 

General Proportions.—All the specimens but one are the remains 
of small fishes, measuring from about 54 to 44 inches in length ; 
the exception is formed by the head and fore-part of the body of an 
individual, which must have, when entire, measured at least 6 or 7 
inches. The general form is elegant and slender; the greatest depth 
is at the shoulders, whence the body gradually tapers towards the 
caudal extremity. The pectoral and ventral fins are small; the 
dorsal, moderate in size, is placed so far back as to be exactly oppo- 
site the anal, which is nearly its counterpart in form and dimensions ; 
the tail is perfectly heterocercal, but not very inequilobate. 

Among the specimens, in which the general shape of the entire. 
body is well shown, considerable differences occur in the general 
proportions; some being shorter and deeper, others more elongated 
and narrow. ‘These differences are illustrated in the following table 
of measurements of four selected specimens ; the entire lengths from 
head to tail must, however, be taken as only approximate, as the only 


1 British Assoc. Reports, 1865, vol. xxxv. p. 318. 

2 Annals and Mag. Nat. Hist., 1868, 4th series, vol. i. p. 362. 

8 Tilustrated Guide to the Fish, Amphibian, Reptilian, and supposed Mammalien 
Remains of the Northumberland Carboniferous Strata, London, 18738, p. 36 ; 
Atlas, fig. 140. 
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absolutely perfect tail in the suite of specimens (PI. XII. Fig. 2) 
unfortunately wants the head and fore-part of the body. 


_ No. 1. No. 2. No. 3. No. 4. 
inches, lines.|inches. lines.|inches. lines.|inches. lines. 
Entire length (approximate) ......... 4 1 Su 0 3 3 
Length of head ..........00ce0cseceeees 10 10 10 8 
From tip of snout to opposite origin 
ofsventrallfingec.seccesccssenees >: 1 9 1 9 1 3 1 3 
From tip of snout to opposite origin 
of dorsal fin........... secseeeees 2 6 2 4 2 0 2 0 
From tip of snout to opposite origin 
Of caudal fins ..a-s.neeccsveecsess 3 5 3 0 2) A110 a iil 
Depth at shoulders.................000 8 7 10 7 


Nos. 8 and 4 are proportionately shorter and deeper; and, while 
Nos. 1 and 2 agree in their measurements as far as the dorsal fin, the 
distance between that and the caudal is less in No. 2 than in No. 1. 
Again, in a fifth specimen, that represented in Pl. XII. Fig. 2, the 
distance between the dorsal and anal fins and the caudal is propor- 
tionately greater than in either of the two last mentioned, as is also 
the case in yet another example of the slender variety. Neverthe- 
less, I cannot think that any specific distinctions are indicated by 
these differences in the measurements ; the specimens agree too well 
in other essential points. We must, in fact, besides individual varia- 
bility, take into account changes occurring after death, and in the 
course of entombment and mineralization, by which more or less 
distortion and change of the original form and proportions must 
have been produced. The bodies of the shorter forms, No. 3 and 
No. 4, show a peculiar corrugated and almost crumpled aspect, seen 
also in the part between the anal and caudal fins in No. 1 and No. 2, 
in which that region is shorter than in the two still more elongated 
forms alluded to. The normal shape of the fish, when alive, would, 
I think, on the whole correspond with that of the more slender 
examples, the head occupying about 3th of the total length, while 
the ventrals would be situated at rather less than 2ths, and the 
beginning of the dorsal and anal fins at less than $ths from the tip 
of the snout. 

Head.—The osteology of the head, so far as can be made out, 
closely corresponds in general plan with that in Paleoniscus. In 
none of the specimens can a clear view be obtained of the individual 
form and boundaries of the bones of the cranial roof; their external 
surfaces seem however to have been finely tuberculated, the tubercles 
sometimes being confluent into short ridges. There is distinct 
evidence of extensive ossification of the base and side walls of the 
cranium, but here again it is impossible to make out the individual 
bones. ‘The ethmoidal region is prominent, and forms a bluntly- 
pointed projecting muzzle. The bones of the face are more distinct, 
and many of them quite determinable. The hyomandibular (Fig. 4, 
and Fig. 3 hm.), partly seen in front of the operculum i in most of the 
heads, and quite isolated in one specimen, is a somewhat long-shaped 
bone, which descends obliquely downwards and backwards towards 
the articulation of the lower jaw, thus carrying the gape very far 
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back. It is compressed laterally, and below the middle it is slightly 
bent forwards again at a low angle; i sié# the upper part is very 
oblique, the lower nearly perpendicular. There is no trace of a 
symplectic, and, as in the recent Polypterus, it was probably absent. 
The palatoquadrate apparatus also in form reminds us of that in 
Polypterus, and forms a bony lamina extending from the front of the 
lower part of the hyomandibular to. the ethmoidal region ; its indi- 
vidual ossifications cannot unfortunately be distinguished. The 
orbit is placed far forwards, and surrounded by a chain. of ossicles, 
whose exact number can scarcely be determined ; as in Paleoniscus, 
there is a very prominent one seen forming the inferior and the 
greater part of the posterior orbital margin. The superior mamillary 
bone (Fig. 8 mz.) is stout and broad, till it comes to the orbit, where 
its upper margin is suddenly cut out, in a semilunar manner, to 
articulate with the suborbital chain, the anterior extremity passing 
forwards below the orbit in a fine point towards the premaxillary, 
which seems to be well developed, though its exact configuration is 
not seen. Above the superior margin of the maxillary may be seen 
a small narrow plate, pointed behind, and covering what remains of 
the cheek in front of the operculum: and hyomandibular. This is 
the preoperculum (p. op.) ; the corresponding plate in Paleoniscus is 
determined as such by Quenstedt,' and, comparatively small as its 
dimensions are, it certainly occupies a relative position similar to 
- that of the great preopercular cheek-plate of Polypterus. The oper- 
culum (op.) is rather narrow, though broader above than below; its 
posterior inferior angle is acute. Below it is seen a small nearly 
quadrate suboperculum (s. op.). I am equally unable with Dr. 
Young to find any trace of interoperculum. The lower jaw (mn.), 
whose separate elements it is impossible to define, is stout in its pos- 
terior half, but tapers to a point anteriorly; the symphysial extremity 
is slightly turned up. Its external surface is marked with beautiful 
short ridges and tubercles. The branchiostegal rays (br.) are many 
and enamelled, forming a series of little oblong plates, extending 
from the suboperculum on each side between the rami of the lower 
jaw. 

Teeth —The teeth, with which the margins of both jaws are 
armed, are small, smooth, conical, and sharp-pointed, with apex slight- 
ly curved inwards. They are of two sizes, “large” and “small”; in 
ordinary specimens the large ones measure about ~;th inch in length, 
and the others, very minute, are clearly seen in one specimen to 
occupy a more external position on the edge of the jaw. I have not 
had an opportunity of examining their microscopic structure ; but, 
according to Messrs. Hancock and Atthey,? their apices present the 
same peculiar ‘‘enamel-cap” seen in the teeth of the allied forms 
Paleoniscus, Pygopterus, etc., and also in those of the recent Lepido- 
steus and Polypterus. 

Shoulder girdle-—The elements of the shoulder girdle are very 
distinctly seen. The 1st supra-clavicular (supra-scapular Owen, 


1} Handbuch der Petrefactenkunde, Tab. 18, fig. 3. 
2 Op. cit. p. 362. 
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post-temporal Parker), is a short, nearly triangular plate (Fig. 3, Ist 
s. cl.), seen immediately behind the cranial shield; below it is seen 
the more elongated 2nd supra-clavicular (scapular Owen, supra- 
elavicular Parker): this bony plate (Fig. 8, 2nd s. cl.) is broader above 
than below, and obliquely pierced by the lateral slime-canal. The 
next bone (cl.) is the clavicle (coracoid Owen), consisting of two 
portions, upper and lower. The upper portion is much the larger, 
and articulates above with the 2nd supra-clavicular; the lower, short 
and square, is set to the other at an obtuse angle, so as to project 
inwards towards the ventral middle line; between the two portions — 
behind is a pretty deep notch, where the pectoral fin projects. In 
front of the lower end of the clavicle, and closely articulated with 
it, is yet another bony plate (@. cl.), long and pointed, bent longitudin- 
ally upon itself, and passing forwards and inwards to meet its fellow 
of the opposite side. This is the inter-clavicular of Parker, and clearly 
corresponds to the bony plate placed below the lower end of the 
clavicle in Polypterus, and also in Accipenser. There is also some 
trace of a small post-clavicular (p. cl.) immediately behind the junc- 
tion of the clavicle and the 2nd supra-clavicular. 

Scales.—Dr. Young, in the paper alluded to, refers to the scales as 
being “ cycloidal,” but remarks further that “the obliquity of their 
axis, from the production of their posterior inferior angle, gives them 
in sitt a rhomboidal appearance.” ! Mr. Barkas also states the scales 
to be ‘‘cycloidal,” and that they “more closely resemble those of 
Celacanthus than do the scales of any other Coal-measure fishes.” * 
The well-preserved specimens before me, however, show that the 
scales, instead of being cycloidal, are in reality rhomboidal, and that 
in form and arrangement they conform in every essential respect to 
the type of scales seen in Paleoniscus and its allies. The principal 
peculiarities are, their thinness, the rounding of their posterior 
inferior angles, and their upper margin being perhaps rather more 
than usually overlapped. They are as usual arranged in oblique rows; 
the longitudinal series are, however, not always regular. ‘The form 
of the scales of the flank, as seen in a specimen in which they are 
much disjointed (see Fig. 6), isrhomboidal, with the anterior superior 
angle acute and pointed, the posterior inferior angle rounded; from 
the middle of the superior margin a pointed peg projects upwards 
for articulation with the under-surface of the scale above. The 
ornament of the free surface consists of fine, raised, thread-like 
ridges, running in the main parallel with the anterior, inferior, and 
posterior margins, and of which arrangement the drawing Fig. 5 will 
give a better idea than any further description. One ridge running 
along the upper part of the posterior margin is generally more or less 
zigzageed, so as to give almost a crenulated aspect to that margin.?® 
The scales of the flank do not alter much in size or shape till we 


1 Op. cit. p. 319. 2 Op. cit. p. 37. 

3 The ornament of the surface is in most of the specimens very badly preserved, or 
rather, badly seen, from the tendency of the superficial layer of the scale to split off. 
It is unusually well exhibited in the specimen, Pl. XII. Fig. 1, from whose scales the 
above description, and the magnified view in Fig. 5, were taken. 
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come to the tail, when they become very small, and acutely lozenge- 
shaped on the prolongation of the body along the upper caudal lobe. 
The scales of the back and belly are smaller than those of the sides ; 
azygos, somewhat heart-shaped scales are often seen in the mesial 
dorsal line, where the oblique rows of each side meet; but I do not 
see any specially large ones in front of the dorsal and anal fins, as in 
Paleoniscus. The upper aspect of the caudal body prolongation is, 
however, bordered, as in all the members of this family, by a series 
of \-shaped scales; whether or not these become a double series by 
the complete splitting of the legs of the \, is not seen. The lateral 
line, marking the course of the lateral slime-cunal, is very distinctly 
traceable from the 2nd supra-clavicular along the middle of the side 
of the body to the origin of the lower lobe of the caudal fin; the 
seales which it traverses being each marked with a slight ridge or 
elevation, which disturbs very considerably the regularity of the 
proper strize of the scale. 

Fins.—The pectorals and ventrals are very small, and have ap- 
parently rounded terminations; the ventrals, each having about 2C 
delicate rays, are placed nearly midway between the pectorals and 
the anal. The dorsal is placed very far back, being quite opposite 
the anal, which it resembles both in size and shape; both are trian- 
gular and pointed, with the posterior margin rather concave. 'T'o 
count the fin-rays in such delicate little fossil fishes is rather a 
difficult and uncertain matter; but I would estimate the number in 
the dorsal and anal fins at about 80 for each, of which the posterior 
10 are very fine. They do not bifureate till near their terminations; 
their transverse articulations are rather distant, especially near the 
attachment of the fin: minute fulcral scales, rather thinly set, may 
be seen along the anterior margins. The caudal is deeply bifurcated ; 
both lobes are pointed; the upper one is bordered above by the 
scaled body-prolongation, and projects rather further back than the 
lower. The fulcral scales along the margin of the lower lobe are 
more distinct and closely set than those of the dorsal and anal fins. 
About 18 or 19 rays go to form the lower lobe; the rest become 
exceedingly fine and delicate as we proceed on towards the tip of the 
upper lobe. 

Internal skeleton—In none of the specimens I have examined is 
there any trace of internal skeleton in the trunk. The fish was 
evidently notochordal. : 

Conclusion.—The entire structure and aspect of Oycloptychius car- 
bonarius prove it to be a member of the same extinct family of 
Lepidosteoid Ganoids to which Paleoniscus, Pygopterus, Oxygnathus, 
etc., belong. Dr. Young has already correctly recognized its affinity 
to Paleoniscus; but I cannot agree with him in assigning to it any 
special relationship to the Oatopterus of J. H. Redfield, as the latter 
genus is imperfectly heterocercal, and therefore can hardly be in- 
cluded in the family of Paleoniscide, any more than the genus 
Ischypterus of Kgerton.! 

1 See the description and figure of Catopterus, by W. H. Redfield, Ann. Lyceum Nat. 


Hist. New York, iv. p. 38, pl.i.; and by J, C. Redfield, Am. Journ, Sc. 1841, xl. 
Pp: 27. i 
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EXPLANATION OF PLATE XII. 


Fie. 1. Cycloptychius carbonarius, Huxley; caudal region imperfect. Nat. size. — 
2. Another specimen, shewing the hinder part of the body with perfect tail. 
Natural size. 
3. Sketch of the side of the head with the bones of the face and shoulder. 
Somewhat enlarged and restored. 
op. operculum; p. op. preoperculum; s. op. suboperculum; s. 0. sub- 
orbital; mx. maxillary; mn. lower jaw; Am. hyomandibular; $r. 
branchiostegal rays. 1st s. cl. first supra-clavicular ; 2nd s. cl. second 
supra-clavicular ; cl. clavicle; p. cl. post-clavicular; 7¢. ¢/. inter- 
clavicular. 
4. Hyomandibular bone, enlarged. s 
5. Magnified view of the ornament of the scales of the flank, from the speci- 
men represented in Fig. 1. 
6. Outline of an isolated scale, magnified, from a specimen in which the scales 
were disjointed. 


IJ].—Own tHE PuysicaL CHANGES PRECEDING THE DEPOSITION OF THE 
CRETACEOUS STRATA IN THE SOUTH-WEST OF ENGLAND. 


By C. E, Dz Rance, F.G.S., of the Geological Survey of England and Wales. 


Zone of Scaphites equalis.—Beneath the Yellow Chalk of West 
Dorset and South Somerset occurs a very constant bed of yellow 
calcareous paste, with glauconitic grains, and containing at the base 
numerous small minute pebbles of quartz, the whole being so well 
cemented together as to be used at Pennys Toller, near Bea- 
minster, as a rough building stone. In 18651 collected from this 
zone a large number of fossils, most of which I found to occur in the 
Cambridgeshire ‘“ Chloritic marl,” Chardstock, Buckram, and Pennys 
Toller being perhaps the most fossiliferous localities. At the base 
occurs a well-marked horizon of Ammonites Rhothomagensis. 

Zone of Pecten asper.— bed of dark brown-coloured quartzose sand- 
stone, 20 feet thick, sometimes forms the top of the Upper Greensand. 
It is well seen at Seamark Hill, where it contains Hxogyra conica, 
and at Tytherleigh. Hastwards, from Seamark to Buckram, it thins 
out, and overlies and is partly equivalent to a bed of light-green 
coarse-grained sandstone, about 16 feet in thickness, in which the 
Pectens occur. This portion of the bed is very constant, being seen 
in most of the sections on the top of the Oolitic hills from Chard 
in Somerset to Eggardon Hill in Dorset—a range of country more 
than twenty-five miles in length. 

Zone of Exogyra conica.—These beds consist of very soft bright 
yellow (occasionally pale green-coloured) sand, with vast numbers 
of Exogyrc, often of very large size. Both the two last-mentioned 
zones are present at Blackdown. It is generally about 15 feet thick, 
and is usually present in all the Lower Cretaceous sections of Hast 
Devon, South-west Somerset, and West Dorset. 

Fox Mould.—The deposit locally known by this name consists of 
loamy sand. At Pinhay it reaches a thickness of 60 feet, and is 
nearly as thick at Black Ven, where it overlies the Cow Stones. In 
the latter locality it forms a loose shifting mass, through which the 
cutting of the Lyme Regis road has been carried, and has been the 


1 The publication of this paper has been unavoidably postponed.—Ep. Guo. Mac. 
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scene of numerous landslips. A species of Belemnite occurs in it, and 
one of Pecten at Wambrook Valley. 

Cow Stones.—These siliceous concretions occur immediately at the 
base of the Fox Mould at Alston, Chardstock, and Black Ven; 
they are often six feet in length, and constitute the zone of Hoploparia 
longimana. Of the former, 60 per cent. of the species are common to 
the Whetstones and other Blackdown-beds, and about 82 per cent. 
occur in the Folkestone Gault. 

Gault.—This deposit occurs at Golden Cap, Stonebarrow, Black 
Ven, and Pinhay Cliff. It consists of dark grey-coloured stiff clay, 
difficult to distinguish from some beds of the Lias, on which it rests. 
At Black Ven, where it is perhaps best seen, it is divided from the 
Cow Stones above by a few feet of yellow sand. A comparison of 
the fossils found in this clay in the Museum of Practical Geology, 
and in the collection of Mr. Day, now amalgamated with the former, 
and in my own collection, with those of the Folkestone Gault, tends 
to correlate the Dorsetshire Gault rather with the Lower Gault of 
Folkestone than the Upper, in which case, supposing the Whetstones 
in the Blackdown-beds to represent the Cow Stones, they and other 
portions of the former may be the equivalents in time of the Upper 
Gault. 

The Fox Mould. Cow Stones, and Gault are absent in the inland 
Dorsetshire sections, at Lewston and Seamark Hills, and Buck- 
ram, and the “ Hxogyra conica sand” rests upon a dark olive- 
green coloured sand, without fossils and full of water. The sand is 
particularly well seen at Hooke Park, a few miles east of Bea- 
minster, which sand is probably the equivalent in time of the 
Fox Mould of Lyme Regis, which is not present in the White Cliff 
section at Beer, where Sir Henry de la Beche considered the Fox 
Mould to be represented by greenish-yellow and brown sands, 
containing chert nodules, resting on green sands with concretions of 
sandstones, the equivalents of the Cow Stones of Lyme. 

In the Beer section the Hxogyra and Pecten asper zones are 
represented by numerous bands of yellowish-brown sandstone, with 
green earth, and chert seams, and nodules. ‘The base of the Chalk 
line is extremely compact and siliceous, and is the equivalent of the 
Chalk with quartz grains of Pennys Toller and Lyme, and the “ Beer 
stone” of the quarries of Beer. 

Before leaving the description of the Cretaceous beds of this 
area, it may be well to mention the vast sheets of more or less 
angular gravels occurring on the tops of all the Cretaceous hills. 
In the upper portion the flints are slightly rolled, and mixed with 
numerous rolled quartz pebbles. In the lower portion the ground 
often consists of masses of fractured chert, resting on a yellow clay, 
occurring more or less in pot-holes, with long gnarled black-coated 
flints. 'The whole series is well seen at Wambrook Valley, Alston, 
Tytherleigh, Lewston, Seamark Hill, White-sheet Hill, Cotleigh 
Hill, Pennys Toller, Hooke Park, and Golden Cap. 

Between Eggardon and Dorchester the country is composed of a 
large sheet of Chalk, through which the Upper Greensand appears at 
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Hast Compton and Winterborne Abbas, being partly brought up by 
faults. The escarpment of the Chalk, with the Upper Greensand at its: 
base, runs almost continuously from Kggardon, by Askerswell, Long 
Bredy, Little Bredy, to Abbotsbury Common, where it terminates 
against a large fault running East, which brings up the Oolites, as 
shown on the Geological Survey Map, Sheet 17. The fault, how- 
ever, runs along the higher part of the Chalk escarpment for its 
greater portion, and the top of Greensands appears from Bincombe to 
Poxwell. Southward and westward of this fault the Oolites strike 
nearly Hast and West, and the beds are often repeated by “strike 
faults’ running in the same direction, which are evidently of Post- 
Cretaceous age. In the tract between Abbotsbury and Weymouth 
Bay the repetition of the beds is due to several W.N.W. anticlinal 
and synclinal rolls, the tops of which appear to have been worn into 
one uniform plain of marine denudation, sloping from the W.N.W., 
on the surface of which the Upper Greensand was deposited. West- 
ward from Burton Bradstock the Oolites and Lias dip steadily to the 
south-east, bringing up higher and higher beds, on the eroded edges 
of which rests the Upper Greensand, which further inland is sur- 
mounted by the Chalk. In addition to the Hast and West faults 
traversing the Oolites, there are a great number of faults running 
about N. 380 H., which cut off and are evidently of later date than the 
former system. i 

The subsidence in the strata before the deposition of the Cretaceous, 
pointed out by the anticlinal and synclinal rolls in the Oolitic strata, 
if commencing at an era when the whole of the west of England 
stood well above the sea-level, would offer exactly the conditions as 
the curved surface of the ground sunk beneath the waves to produce 
a plain of marine denudation, which Professor Ramsay has demon- 
strated must be the invariable result “when a country is gradually 
sinking, and the rate of waste by the waves on the shore (as it were 
slowly entering into the country) be proportionate to the rate of 
sinking.” + 

The direction and inclination of such plains of ancient date will 
have been more or less modified, by curvature caused by subsequent 
subsidences, and by faults the result of more recent elevations. And 
even now modern plains may have been locally modified in direction 
by the strata attacked by the waves not having been always de- 
posited horizontally, but inclined at small angles around islands of 
older rock left by still older denudations, or brought up by faults 
and flexions. Thus in the south of England Mr. Prestwich, F.R.S., 
in his address to the Geological Society on resigning the President’s 
chair, describes the great ridge of Palzeozoic rocks which is believed 
to pass beneath the Secondary rocks from the Rhine to South Wales, 
connecting the old rocks of the Ardennes with those of the Mendips, 
bringing up Coal-measures in detached basins on its northern flanks, 
and probably also on the south, as is believed by Mr. Godwin-Austen, 
who worked out the question in 1856. 

From these facts it is clear that in advancing from Lulworth to 
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Lyme Regis the Lower Cretaceous rocks overlap lower and lower 
Oolitic beds, in consequence of the latter rocks having obtained their 
anticlinal and synclinal curves, the upward rolls of which were 
worn into a plain of marine denudation sloping E.S.E. before the 
deposition of the Upper Greensand, while both systems of faults 
traversing the district are of later age than the Chalk. 

It would appear that the movement which resulted in the axes 
and easterly dip was one of subsidence, probably commencing after 
the Portland Oolite had become a land-surface, through the combined 
action of deposition filling up the shallow sea-bottom, and by an 
elevation sufficient to place a considerable portion of the Oolitic sea- 
bottom above the waves, which area comprised probably, not only 
that covered by the Purbecks, but a considerable tract to the west. 
And that this subsidence, though sufficient to produce the various 
axes and flexures, to submerge the area sufficiently for marine forms 
to exist in Purbeck times, was not of very long duration, or of very 
great extent, as the freshwater Wealden beds were immediately 
deposited over the Purbecks. 

This axis of old rocks produced a great east and west disturbance, 
causing numerous sharp narrow anticlinals and synclinals, both in 
Westphalia, Belgium, France, Somerset, and Pembroke, in which 
curves lie very long and narrow troughs of Coal-measures, extending 
for many miles. Mr. Prestwich lays stress on the great thinning 
out in a southerly direction of the “pre-Cretaceous Secondary rocks”’ 
observed by Mr. Hull, the Great and Inferior Oolites having thinned 
from 792 feet in Gloucestershire to 205 feet in Oxfordshire, and the 
Lias and Trias from 1090 to 400 (?), and the Trias of Lancashire 
from 5600 to 600 feet in Warwickshire; and he shows that this 
general southerly thinning out points to old pre-Triassic land, which 
may well have been the old ridge of Paleozoic rocks running out 
from the Mendips. ‘There is, therefore, little doubt that the Paleeo- 
zoic rocks are overlaid unconformably by successive Triassic, Liassic, 
and Oolitic beds, precisely as the latter are overlapped by various 
Cretaceous rocks. 

The great east and west axis of disturbance is believed to be of 
post-Carboniferous and pre-Permian age, or of which is precisely 
the era to which Prof. Hull writes, “The northern limits of the 
Lancashire and Yorkshire Coal-fields were determined by the up- 
heaval and denudation of the beds along east and west lines, while 
the Coal-fields themselves remained in their original continuity 
across the region now formed by the Pennine hills from Skipton 
southwards.” ? 

In the paper from which the above observation is quoted, Prof. 
Hull shows that the Lancashire Coal-field is traversed by three 
systems of fault ; of which my own observations in the survey of 600 
square miles of West Lancashire have given me many opportunities 
of corroborating. Of these the latest has a direction nearly N.N.W., 


1 Prof. Hull, Relative Ages of Leading Physical Features and Lines of Elevation 
of the Carboniferous District of Lancashire and Yorkshire, Quart. Journ. Geol. Soc. 
1868, p. 331. 


200 OC. E. De Rance—Deposition of Cretaceous Strata. 


and is probably of post-Jurassic age; they cut off the post-Carbon- 
iferous H.N.H. faults equally with the post-Permian N. and S$. faults. 

Sir H. de la Beche regarded the depression that occurred after 
the deposition of the Wealden beds as of probably small extent, 
and believed the beds overlying them denoted “‘ comparatively quiet 
accumulation of sedimentary matter . . . subsequently to the change, 
as previously,’ and he remarks on the absence of “coarse detrital 
beds resting upon the upturned Wealden deposits.” And he states 
that “we are led to suppose that the change may, geologically 
speaking, have been gradual; and that subsequently to the gradual 
rise of a portion of Western Europe, which brought a part at least 
of the Oolitic series above the sea, a gradual depression took place, 
which permitted the Chalk and Greensand to overspread a wide area, 
covering up a variety of older rocks. Under this view we should 
expect the beds forming the lowest portion of the Greensand to be best 
developed when the depression beneath the sea was first effected, 
and that consequently the higher beds would be most continuous 
over the area subsequently occupied by the whole Cretaceous series, 
due allowances being made (more particularly as to the sands and 
clays) for variations caused by the operation of modifying conditions 
in horizontal distances... .. And we might expect... . that while 
the lowest beds of the Greensand were accumulating in the Hast 
of England, dry land still existed in the West.’’} 

This depression would appear to have begun in the Yorkshire and 
Lincolnshire area, where the lower Neocomian beds are so exten- 
sively developed, and probably also under Norfolk, where the bare 
Chalk occurs (Norwich well) at a depth lower than the old rocks 
of Harwich. The line of greatest depression probably extended along 
an axis ranging from the Humber across the German Ocean to 
Hanover; and the subsidence appears to have been more extensive 
on the Southern than on the South-west margin of the basin. 

The continental epoch, with large inland seas and lakes, which Prof. 
Ramsay has shown commenced with the Old Red Sandstone era, 
appears not only to have lasted up to the close occupied by the 
deposition of Triassic times, but to have continued, though with 
more limited area, during the Liassic and Oolitic periods, when 
it again gained in area, and was drained by a large continental 
river, in the delta of which were formed the Purbeck and Wealden 
beds. A movement of subsidence set in to the Hast, which gradually 
extended to the West, introducing marine conditions, the strata 
of the entire Cretaceous system exhibiting a gradually deepening 
sea-bottom. 

Did the continental land wholly disappear beneath the waves at 
the close of the- Wealden era? The researches of Mr. Judd have 
shown that the Wealden of Germany was deposited by a distinct 
river from that which formed the deposits of that age in England and 
France, and that the highest or newest portion is present in France, 
being often merely a. subordinate to marine beds of Neocomian age ; 
and he points out with great force the truth of Prof. Huxley’s 
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proposition, that the time will come when two distinct but parallel 
classifications for dissimilar strata will have to be made, from the 
breaks in the terrestrial and fluviatile fauna not corresponding to 
those in the marine. Thusin the beds of Punfield Cove, Swanage Bay, 
lying immediately above the Wealden, occurs a fluvio-marine fauna, 
the marine contents of which Mr. Judd has shown are Neocomian, 
while its fluviatile affinities are with the Wealden. And, again, 
with the fluvio-marine beds of the Purbecks beneath, the marine 
affinities are with the Oolites below, while the freshwater and ter- 
restrial are Wealden, as shown by Prof. Forbes, who in 1850 
recognized the Neocomian facies of the fine collection of marine 
fossils made by Mr. Godwin-Austen, F.R.S., at Punfield, and pre- 
sented to the Geological Society. This “‘ Punfield formation ” shows 
the strongest paleontological affinity to the middle portion of the 
middle Neocomian Coal-field of Utrillas,’ and other places in Hastern 
Spain, where three Coal-basins occur, which it is believed will supply 
“‘the whole of the peninsula for more than 200 years.” 

The researches of M. Lory have shown that the Rhodanien of M. 
Renevier is as closely related to the Upper Neocomian (Aptien of 
D’Orbigny) as it is to the Middle Neccomian (Urgonien of D’Orbigny, 
white limestone with Rudistes). This proves, as pointed out by Mr. 
Judd, the arbitrary division of the Upper and Middle Neocomian. And 
when we see a marine fauna of upper Middle Neocomian age almost 
intercalated in the upper part of the Wealden, and the equivalents of 
a formation occurring in Spain more than 500 feet in thickness asso- 
ciated with large and numerous coal and lignite beds, it is difficult to 
resist his conclusion, that ‘‘as no break has ever been shown to exist 
in the succession of Wealden beds in the south of England, we are com- 
pelled to conclude that they represent the whole of the vast interval 
between the Upper Oolite and the Upper Neocomian. Between the 
Purbecks and the Portland Oolite the change is equally gradual, for 
Mr. Godwin-Austen shows that the Swindon Purbecks absolutely 
alternate with beds containing a Portland fauna. Just as in more 
recent times, sections occur at the edge of the great belt of blown 
sand surrounding the Lancashire coast. The sand resting on the great 
peat plain contains seams of peat with freshwater shells, alternating 
with bands of sand, which become thicker and thicker in the upper 
parts of the sections, the sand having. gradually silted up the peat 
morass, and the freshwater shells being replaced by rolled and wind- 
worn sea-shells. 

Everywhere, indeed, in the geological formations, a change of 
sediment appears to have brought a change of fauna, and in most 
cases a recurrence of physical conditions induced a return of the old 
fauna. In these cases it is clear that the change of sediment, and 
of other physical conditions, depth of sea, climate of air, and temper- 
ature of water, must have been local, though possibly extending over 
large areas, and that extinction of species could only have taken 


' The total thickness of the lignite and coal series, consisting of the Upper and 
Middle Neocomian lying beneath the Gault, is given by Mr. Judd at 1600 feet. 
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place when the area of change was coincident to or greater than the 
area of habitat of that species. The longer time elapsing during the 
period of change, the greater chance would hardy species have of 
becoming naturalized, and living in conditions as to quality of sea 
bottom and depth differing from those they had been accustomed to, 
and for migrating to more favourable areas. 

A comparison of many of the species occurring in the Phosphatic 
seams of the Lower Greensand (Upper Neocomian of Kent) with 
those from the junction bed “ Am. interruptus Zone” of the Gault of 
Folkestone, the “‘nodule bed” dividing the Lower and Upper Gault 
of the same place, and with those of the zone of Scaphites cequalis 
(Chloritic Marl) of Dorsetshire and Cambridge, shows a striking 
number of species in common, and much resemblance in physical 
aspect,—rolled and water-worn shells, drifted wood bored by shells, 
rolled bones of Saurians, drifted pebbles, and masses of phosphatic 
matter, which can sometimes be made out to be molluskite, probably 
of large Rostellarice. 

The facies of the whole suggests a beach and shore deposit, which 
is to a certain extent borne out by the habitats of the recent analogues 
of the species of shells of molluscs found associated. The re- 
currence of these species at the precise era of time when physical 
conditions were changing would appear to indicate the continuance of 
an old coast-line, from which the shells were washed by currents, 
which coast-line would appear to have continued throughout the 
whole period occupied by the whole of the Lower Cretaceous system 
of the south of England. The reason why currents should have 
flowed from this old land at the moment when physical changes 
introduced changes of sediments is difficult to explain. Possibly 
the presence of the molluskite may be due to large quantities of 
freshwater coming down to this old coast-line, and killing large 
quantities of mollusea, their bodies being floated away by tidal or 
other currents. If the south-west of England was still land 
during the deposition of the Neocomian beds, a portion of this old 
coast may possibly have been in Somerset and Devon. 

List of species occurring in the Gault of Black Ven, Dorset; 
also those found at Golden Cap marked a; those in the Folkestone 
Gault 6; those in the Cow Stones c: 

b, c. Hemiaster asterias, Forbes. . Nucula pectinata, Sby. 

a. Pecten quadricostatus, Sby. . IV. ovata, Sby. 

a. Pecten orbicularis, Sby. Thracia, n. sp. (?). 
Gervillia linguloides, Forbes. . Acteon affinis, Sby. 

a, b,c. Inoceramus concentricus, Park. . Cerithium trimonite, Mich. 


a, b,c. Pinna tetragona, Sby. . Husus rusticus (2), Sby. 
a,b. Lima parallela, Sby. F, elegans, D’Orb. 


Sa 


Ss] 


b. Cucullea carinata, Sby. b. F. elathratus, Sby. 
Area carinata, Sby. b. Aporrhais Orbigniana, P. & R. 
b. Venus tenera, Sby. &. Natica Gaultina, D’ Orb. 
V. sublevis, Sby. b. Pterocera retusa, Sby. 
c. Panopea mandibula, Sby. Turritella Vibrayeana, D'Orb. 
b, c. Panopea plicata, Sby. b. Dentalium decussatum, Sby. 
Cytherea truncata (?), Sby. Scalaria Dupiniana, D’Orb. 
Solen Dupinianus, D’ Orb. b, c. Ammonites splendens, Sby. 
Pholadomya Fubrina, Ag. Saurocephalus, sp. 


Nucula bivirgata, Sby. 
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List of species occurring in the Cow Stones of the coast section in 
West Dorset, and not occurring in the Gault of the same: 


Podopilumnus Fittoni, M‘Coy. Trigonia scabra, Lam. 
Necrocarcinus Bechet, Desh. Cytherea plana, Sby. 

Hoploparia longimana, Sby. Cucullea glabra, Park. 

Cardium gentianum, Sby. Myacites gurgites, Goldf. 

Lucina pisum (?), Sby. Venus immersa, Sby. 

Modiola, n. sp. ~ Tellina inequalis, Sby. 

Lima semisulcata. Turritella granulata, Sby. 

I. Dupiniana, D’ Orb. Pleurotomaria Rhodani, D’ Orb. 
Thetis Sowerbyi, Rom. Lchthyosaurus campylodon, Carter, 
Trigonia aleformis, Park. West of Lyme Rosie} 


IJJ.—On Coxtumnopora, A New Genus or TasunaTEe Corats. 


By H. Attreyns Nicuorson, M.D., D.Sc., F.R.S.E., 
Professor of Natural History in University College, Toronto. 


Genus Conumnopora, Nicholson. 

Gen. Char.—Corallum aggregate, massive, composed of hexagonal 
corallites, which have distinct walls, but are firmly united with one 
another. Septa well developed and close-set; but short and not 
nearly reaching the centre of the theca. A row of large and closely- 
approximated mural pores between each pair of septa. Tabule 
horizontal, not vesicular or infundibuliform, apparently incomplete. 
Hpitheca unknown. No coencenchyma. 

I have established this genus for the reception of a single species 
of coral, of which I have seen two well-preserved examples—one 
collected from the Hudson River Group of Canada by Mr. George 
Jennings Hinde; the other obtained from the Cincinnati Group 
(Hudson River Formation) by Mr. U. P. James. The genus Column- 
opora is intermediate in its characters between Favosites and 
Columnaria, both of which it resembles in its general form, its pris- 
matic closely-approximated corallites, and the absence of a distinct 
coencenchyma. The genus further resembles Favosites in possessing 
mural pores, but it is distinguished from the latter by the possession 
of very distinct and well-marked septa, and by the fact that the 
mural pores are arranged in very numerous rows, and are of very 
large size, so that the walls of the corallites have a regularly cribri- 
form aspect. The genus agrees with Columnaria, Goldfuss, in the 
possession of distinct septa, but is fundamentally distinguished by 
the perforated walls of the corallites. There is no other genus, save 
the above-mentioned, to which Columnopora is allied with sufficient 
closeness to render it necessary to institute any explicit or detailed 
comparison. 

The following are the characters of the only species of the genus 
known to me :— 

CoLUMNOPORA CRIBRIFORMIS, Nich. 


Spec. Char.—Corallites for the most part hexagonal or pentagonal, 
averaging about one line and a half in diameter, sometimes more or 
less. Septa in the form of strong vertical ridges, from twenty to 
twenty-four in number, equally developed, never reaching the centre, 
or extending more than quite a short distance into the interior of the 
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corallite. Between each pair of septa is a row of large oval or 
circular mural pores, so that there are from twenty to twenty-four 
rows of these openings in each corallite, generally about four on each 
face. Not only are the rows of pores thus extraordinarily numerous, 
but the pores are of unusually large size, and are placed close 
together, about three of them occupying the space of one line 
measured either vertically or transversely. The walls of the corallites 
thus assume a completely cribriform appearance, and look as if com- 
posed of a series of vertical pillars (the septa) united by horizontal 
cross-bars. Tabula, in the specimens observed, imperfect, from 
three to four in one line. 


Fig. 1.—a. A few of the calices of Columnopora cribriformis, Nich., viewed from above, 
of the natural size. 6. Two of the calices enlarged. c¢. Interior of a corallite 
greatly magnified, showing the rows of pores between each pair of septa. 

At first sight, especially when viewed from above, Columnopora 
cribriformis presents a striking resemblance to Columnuria alveolata, 
Goldfuss; the shape and size of the corallites being alike in both 
species. The specimens of Columnaria alveolata which are found in 
the Trenton Limestone, so far as I have seen, have, also, short septa, 
in the form of strong ridges, which extend inwards for a very small 
distance; and this still further increases the resemblance just spoken 
of. In the latter species, however, the walls of the corallites are 
compact, and are not perforated by any pores, and this of itself is a 
sufficient point of distinction. On the other hand, Columnopora crib- 
riformis is distinguished from all the massive species of Favosites, 
both by the well-marked septa and by the large size and enormous 
number of the mural pores. From Michelinia, C. cribriformis is 
separated by the fact that the tabule are certainly not vesicular, 
whilst the pores are much larger and more closely set than in any 
species of the former genus, and the septal system is at the same 
time much better developed. In the only specimens I have seen, the 
tabulee of C. cribriformis are poorly preserved, and nothing is left of 
them except their bases. This state of things, however, is quite 
commonly observable in specimens of Columnaria and Favosites; and 
I entertain no doubt but that the tabule of the present form were 
really complete and in all respects well developed. 

Locality and Formation.—In the Hudson River Group, River Credit, 
Ontario (collected by Mr. G. J. Hinde). In the Cincinnati Group 
(Hudson River Formation), near Cincinnati, Ohio (collected by Mr. 
U. P. James). 


. 
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TV.—GuLAcIATION IN West SommrRset. 
By W. C. Lucy, F.G.8. 


N a recent visit to Porlock Weir, to see the submerged forest so 

ably described by Mr. Godwin-Austen in the Quarterly Journal 

of the Geological Society for February, 1866, I availed myself of 

the opportunity, afforded by the limited time at my disposal, to 

examine the general contour of the country, and more particularly 
that part of it relating to the superficial deposits. 

On the way from Williton Station, en route to Dunster, I ob- 
served the hills were more precipitous on their north sides, and the 
flat land at their base was apparently formed of alluvial soil; and on 
making inquiries of a fellow-passenger, resident in the neighbour- 
hood, he informed me that near Minehead, in a like position to the 
flat we had just passed at Dunster, when making a well, the shaft 
went through 70 feet of nothing but gravel and clay, some of the . 
latter very tough, the stones comprising the gravel becoming 
larger as the sinking became deeper, which, however, did not reach 
the bottom. 

I stayed at Minehead, and walked along the shore to the New 
Manure Works, ascending thence to the road which skirts the hill 
towards Greenaley Point. At the top of a little valley was a small 
coombe, which gradually narrowed, still preserving a half-rounded 
form, and in which there was sufficient clay left, mixed with some 
angular detritus, to form soil on which grew a flourishing orchard. 
The detritus and clay run out to the sea, widening down to the beach, 
and assuming a spreading wedge-like shape slightly curved inwards, 
the whole bearing a marked resemblance to what I have seen in 
glaciated districts. On further ascending the hill are many fields 
growing corn and root crops, and in some of the fields on a farm at 
the top of North Hill the soil was much deeper than in the vale. On 
reaching the summit of the hill I observed several rounded knolls 
above the general surface of the ground, which were quite bare of 
soil, forming protruberances very like some parts of the Great Orme 
at Llandudno. The detrital deposit at the coast at Minehead is a 
rich loamy soil, formed of the washing down of the New Red series, 
mixed with angular and small boulders from the Devonian rocks. 

The road to Porlock, after leaving Minehead, rises for some dis- 
tance, and from the highest point of elevation the mode in which the 
valley was formed by the action of ice becomes evident. 

In the middle of the valley is a small hill, which appears to have 
deflected the ice on its progress to the sea, the greater half going to 
Minehead, and the other to Dunster. At the end of the North Hill 
and in other parts the remains of Boulder-clay, clinging to the sides 
in the hollows, are well indicated by the vegetation which prevails. 

All around Porlock Weir the hills sloping seaward suggest that ice 
has had much to do with the formation of the valleys, and the soil 
increasing in depth the higher you ascend; and towards the top, 
looking on to Exmoor, the bare rounded heads of rocks projecting 
above the surface again occur, as on the hills in the neighbourhood 
of Minehead. 
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After leaving Ashley Lodge, Lord Lovelace’s residence, about 200 
yards along the lower new road and 8 feet above it, resting on the 
slope, I saw a large mass of sandstone about 5 feet in depth, 4 feet 
across, and fully 5 feet thick. It presented a smooth appearance 
and, some rain having just fallen, I at once detected glaciation, and 
on examination found it well striated.’ It was only partly detached 
from the parent rock. 

I am not aware of glaciation having been observed before in the 
district; but on reference to your Macazrnz,’ there is a letter from 
the late Mr. J. Beete Jukes, in Vol. II. page 473 (October, 1865), 
“ Glaciation in Devon and its Borders,” relating more particularly to 
some groovings on the banks of the Exe, near to Barlynch Abbey. 
He thought they were as striking evidence of glaciation as any in 
the Killarney or Glengariff counties in the S.W. of Ireland. A year 
later there was a communication to your pages on the subject of Mr. 
Jukes’s letter, from Mr. Pengelly, who, in company with Mr. Vicary 
of Exeter, visited the spot referred to by Mr. Jukes, and at the con- 
clusion of his letter (Vol. III. page 574) he says: ‘‘ We found that 
so far as it goes Mr. Jukes’s description is very correct and indeed 
graphic, but we found also that he could not have seen anything like 
all the facts. In short, we were fully satisfied the mouldings were 
not produced by any kind of ice action.” Mr. Jukes replies (Vol. 
IV. page 41): “I hope, however, that some practised glacial observer 
may visit the locality some day, and give us the benefit of his opinion 
upon it. In the mean time, as Mr. Pengelly, in his letter in your 
last Number, agrees in the correctness of my description of the facts, 
perhaps he will favour us with his ideas as to their origin, for I 
certainly have never seen anything like them except on a so-called 
glaciated surface.” This ] am not aware that Mr. Pengelly has done. 

As an amateur I have seen much of ice-action in Wales and Scot- 
land, and submit that a careful examination in West Somerset would 
probably lead to the discovery of more glaciated blocks and a greater 
development of Boulder-clay than are now generally supposed to 
exist. 

It may be presumptuous in me to offer an opinion adverse to that 
of such able geologists as Mr. Pengelly and Mr. Vicary, more especi- 
ally as I have never seen the place referred to; but I think it not 
improbable that Mr. Jukes is right to this extent, that the grooving 
was caused by ice, but the striz have been worn away by meteoric 
abrasion, eating into the rocks, without however destroying the 
original ‘form of the grooving. 

ai is well known that even in Wales, except on very hard rocks, 
like the Cambrian, the striz are often worn away, although the 
rounded moutonnéd appearance of the rocks leaves no doubt of 
their once having been glaciated. 


1 Some of the specimens which I brought away are deposited in the Taunton 
Museum. 
2 See also Guoxn, Mac. Vol. IX. pp. 177, 574. 
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V.—On tHE Soutn or Eneuanp IcE-sHEer. 
By James Cro, of the Geological Survey of Scotland. 
N the Reader, 14th October, 1865, and afterwards more fully in 
my papers on the “Boulder-clay of Caithness,”' and on the 
_ “Transport of the Wastdale Crag Blocks,”’? the following were shown 
from physical considerations to be necessary results, viz. :— 

1. That were the ice of Greenland much thicker than it is at pre- 
sent, which it evidently was during the Glacial Epoch, it would not 
float in Davis Straits and Baffin’s Bay, and consequently would not 
break up into icebergs, but would move over upon the North American, 
continent in one continuous mass, and pursue its course southwards, 
until it gradually melted away under the influence of the Sun’s heat. 

2. That owing to the shallowness of the German Ocean, that sea 
during the Glacial epoch must have been filled with land-ice moving 
off Scandinavia, Scotland, and the North of England, and that this 
ice in its course must have passed over Caithness, the Orkney, 
Shetland, and Faroe Islands, and in reaching the deep trough of the 
Atlantic, would break up into bergs, forming a perpendicular wall 
similar to that observed by Sir James Ross in the Antarctic Regions. 

3. That the ice from Scandinavia must have filled the entire 
Baltic, a portion of it passing southward over the plains of North 
Germany, but the greater portion, however, keeping the bed of the 
Baltic, would cross over Denmark into the German Ocean. 

4, And as we know from geological evidence that Scotland during 
the period of maximum glaciation was entirely covered by a con- 
tinuous sheet. of ice of one or two thousand feet in thickness, it is 
therefore physically impossible that the North of England could 
have escaped being in a similar condition. 

5. In the paper on the “Transport of the Wastdale Crag Blocks,” 
it was stated that if the summits of the Pennine range were carefully 
examined, say under the turf, evidence that land ice had passed over 
them similar to what had been observed by Mr. Bennie and myself 
on the Pentlands would no doubt be found. These views for several 
years met with considerable opposition, but they are now beginning 
to be accepted by geologists. 

6. My object at present, however, is more particularly to refer to 
another result, which at the time appeared equally to follow from 
physical considerations (which will be more fully detailed on a 
future occasion), but as it was one so much opposed to prevailing 
opinions, I deemed it better not to advance it. The result to 
which I refer is, if we admit that the Great Baltic Glacier, one or two 
thousand feet in thickness, passed over Denmark, and of this we 
have good geological evidence, then it is hardly possible to escape 
the conclusion that a portion of it at least passed across the south 
of England, entering the Atlantic in the direction of the Bristol 
Channel. I have little doubt that in the course of a few years 
the geological objections to a South of England ice-sheet will as 
gradually disappear, as they are evidently now doing in reference 
to a North of England ice-sheet. 


1 Grou. Mac. 1870, Vol. VII. pp. 209 and 271. 
* Grou. Maa. 1871, Vol. VIII. page 15. 
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VI.—Nors on THE OccURRENCE OF PoLYPoRA TUBERCULATA, PROUT, 
In SCOTLAND. 


By Prof. J. Youne, M.D., and Mr. J. Youne, Hunterian Museum, Glasgow. 


S the Transactions of the Academy of Science of St. Louis, in 
which Prout described this species, are not generally accessible, 
we quote the description at length. 

Bryozoum a fan-like expansion, probably one or two inches wide. 

Longitudinal rays moderately large, pretty uniform in size, suddenly 
enlarged before and after bifurcation ; dichotomizing at one, one and 
a half, near two lines apart; dichotomizing oppositely on two 
branches from the main branch; stems scarcely diminished one-half 
by branching, and rapidly attaining their original size. 

Dissepiments small, about one-third as large as the rays, about one- 
third the transverse diameter and one-fifth the longitudinal diameter 
of the fenestrules, slightly depressed, not expanding much at junction 
with the rays. 

Fenestrules oblong subquadrangular, sometimes shortly spatulate or 
irregular near the bifurcations, twice as long as broad, slightly 
broader than the rays, generally opposite. In a space of two lines 
longitudinally there are three and four-fifths, and transversely five 
fenestrules ; or in five millimetres there are four longitudinally and 
s1x transversely. 

Cell pores small, round, with thin lips slightly raised above the 
surface, alternate, their own diameter apart, in from three to six more 
or less regular lines upon each ray, having a very slightly raised keel 
between them, and having generally on the middle keel an irregular 
line of round tubercles, which sometimes intermits, and sometimes 
shows a disposition to become double. Cell pores five, tubercles 
three or four to each fenestrule. 

Reverse covered by a dense cortical substance, with a few scattered 
granules. 

A species answering to the above description is the most frequent 
representative of the genus Polypora in the Carboniferous rocks of 
the West of Scotland. To what Prout states one or two additions 
require to be made. The thin lip of the pores in well-preserved 
specimens is not circular, but sinks down on the lower edge of the 
aperture, which thus has a pyriform crater shape. In addition to 
the ridges mentioned by Prout, the intervening surface is covered 
with very fine short wrinkles, which are sinuous and sometimes in- 
terrupted, so as to give a tubercular aspect. The fronds sometimes 
attain a size of three inches. 

Norte on tHe Mone or PRESERVATION OF THE LANARKSHIRE POLYZOA. 

In some localities, but chiefly at Hairmires, near East Kilbride, 
the stems and fronds of several species are covered with a very thin 
layer of mineral matter, which veils, but does not conceal the sculp- 
ture of the surface. The layer likewise extends over the apertures, 
and may be traced from a narrow diaphragm till it forms a complete 
operculum. It is most frequently found with a minute central pore: 
Weak acid removes the polyzoon, leaving the incrusting layer intact ; 
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strong acid destroys crust and polyzoon alike; warm water does not 
dissolve it. The solution with weak acid was found, on testing, to 
contain sulphuric acid ; it is therefore probably a layer of sulphate 
of lime. The gradual diminution of the aperture seems to point to 
the chemical origin of the crust, which has crept onward and has not 
been allowed to complete itself till the death and final decay of the 
last fragment of the polyzoon had removed the excuse for the infu- 
soria and rotifers which ‘crept out and crept in.” We have not had 
time to inquire further into the matter; but if any one desires to 
investigate the nature of this layer, we shall obtain specimens for 
him. ‘The interest of the question lies in the possible relation which 
this layer may have to the Hemitrypa of Phillips. 


VII.—Lanpsties AND SINKINGS IN CHESHIRE. 


JT ANDSLIPS are important agents in modifying the surface of the 

earth, frequently adding to the picturesque appearance of the 
district in which they occur, and occasionally causing considerable 
mischief by the destruction of villages, or the covering of fertile 
ground, as the fall of Rossberg in Switzerland’ in 1806, and in our 
own country the landslip near Axmouth,? and the undercliff of the 
Isle of Wight, are familiar examples. They are generally caused by 
the action of water dissolving or loosening and carrying away some 
bed low down in the local series, when the upper strata, being no 
longer supported, break by their own weight, and slide down to a 
lower level, the amount of their displacement and the rapidity of 
their movements being determined by the inclination of the under- 
lying beds. 

Sinkings or depressions of the surface of the land may originate 
in a similar manner, or the excavations may be artificially produced. 
In our coal districts we may frequently observe great alterations of 
the surface, due to the working of the coal beneath—the levels of 
roads, railways, and canals are often disturbed, and not unfrequently 
buildings erected on the surface are destroyed or seriously injured. 
The extent of the sinking in these cases of course depends on the 
depth and thickness of the seam worked, and on the resisting power 
of the beds overlying it. 

In the salt districts similar phenomena have been long noticed, and 
as the salt beds are much thicker than the seams of coal, the effects 
produced by their removal are greater and more striking. Indeed, 
so great is the threatened mischief, that the attention of the Board of 
Trade has been called to it by the Salt Chamber of Commerce, and a 
thorough official investigation of the facts has been made, resulting 
in the production of a most important and interesting report by Mr. 
Joseph Dickinson, ¥.G.S., which was presented to the House of 
Commons during its last session. 


1 The villages of Goldau and Busingen, the hamlet of Huelloch, a large part of 
the village of Lowertz, the farms of Unter- und Ober-Rothen, and many scattered 
houses in the valley, were overwhelmed by the ruin. Goldau was crushed by masses 
of rocks, and Lowertz invaded by astream of mud. The lives lost were estimated at 
from 800 to 900. De la Beche, Geol, Observer, p. 22. 
2 Principles of Geology, p. 540. 
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The salt deposits of the British Isles are nearly all in the New Red 
Sandstone district of Cheshire, Worcestershire, and Staffordshire, 
which furnishes annually nearly one and three-quarter million tons 
of salt. Salt has also been found near Middlesbrough in Yorkshire, 
where a bed 100 feet thick has been penetrated ; and it is worked 
near Carrickfergus, in Ireland, from three beds, averaging about 
150 feet in thickness, with alternating brown mar! and marlstone ; 
but the last-mentioned locality furnishes only the comparatively 
insignificant quantity of 20,000 tons annually. A portion of this 
salt is mined as “rock-salt,” chiefly at Winsford and Northwich, 
where the solid bed was discovered in 1670; but the greater part is 
pumped up to the surface in solution, or, in other words, obtained in 
the form of artificial brine springs. 

The natural brine springs of the district have been used as sources 
of salt from very early times—the names of the principal towns in 
it terminating in wich or wych, being of Saxon origin, wych mean- 
ing a salt house or salt works. Sharon Turner notices the existence 
of numerous grants of land made in Anglo-saxon times, in which 
salt pans are specified as important articles. One of the earliest of 
these is a grant by Kenulph, King of Mercia, to the Church of 
Worcester, which bears date a.p. 816. Of the extent to which this 
industry was carried before the discovery of the salt deposits them- 
selves, we have good evidence in the fact that during the reign of 
Henry VI. there were 216 salt houses in Nantwich alone. 

Thus, for more than a thousand years we know that the waste of 
the salt beds by the action of water has been going on; and there is 
no doubt that for thousands of ages, long before there were any men 
to manufacture salt from the brine springs, the same process was in 
full activity, especially, as Mr. Dickinson remarks, near the outcrop 
of the deposits. Here, no doubt, true landslips took place in very 
ancient times, altering and depressing the surface of the ground, 
effacing all traces of the outcrop of the salt beds, and giving origin 
to the meres and mosses which are frequent in such positions, such 
as the Great Budworth, Pick, and Rosthorne Meres, situated on the 
outcrop of either the top or bottom bed of rock salt in Cheshire. 

Under the present system of working the salt, the landslips or 
sinkings of the surface take place over the body of the deposit. They 
are of two kinds, according as they are caused by the solution of the 
rock-salt to form brine, or by the falling in of old pits. The latter 
are comparatively of small extent, but the “brine-runs” reach for 
miles away from the pits, and affect a much wider district, so that 
the places in which sinkings may occur are quite uncertain, and the 
depression may, and sometimes does, acquire a great extension, 
involving considerable risk to property and even to human life. 
The first recorded sinking caused by the flow of brine took place in 
1535. Since that date many similar occurrences have been observed, 
and there is ample evidence that the movement is still going on. 
Thus the London and North-Western Railway, where it crosses the | 
brine-runs, has gone down many feet, as between Crewe and Bird- 
wood Junction, and on the Crewe and Stockport line. At Winsford 
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the surface is visibly sinking; the docks have already gone down 
about ten feet, and the bridge over the river Weaver has again to be 
raised. In the intermediate parts of the valley the whole surface is 
being submerged, forming a mere called “The Flashes,” and, as the 
navigation follows the valley, “it is evident,” says Mr. Dickinson, 
“from the surface level being at a considerably less elevation above 
sea level than the thickness of rock-salt underneath, the subsidence 
now so actively begun at Northwich and Winsford may end in the 
whole of this portion of Cheshire being submerged.” ‘That this 
danger is a serious one may be inferred from the fact that the 
thickness of the salt deposit at Northwich is 180, and at Winsford 
210 feet ; whilst the elevation of the surface at the former place is 
only 20 feet, and at the latter place about 40 feet above the sea level; 
but it is hard to say what measures can be taken to avert what would 
be a national calamity. 

Mr. Dickinson refers to the probability that the contortions 
observed in strata overlying the saliferous rocks in places where salt 
is not now known to exist, may be due to the former presence of 
that mineral, and its having been dissolved and carried away—as, 
for instance, near Nottingham, in the Lias quarries at Newbold near 
Rugby, and other places; and he remarks that, although it would 
be premature to affirm that rock-salt has existed along the entire 
range of the red marls from Rugby to the Cleveland district in 
Yorkshire, it is possible that this has been the case, and that many 
of the landslips which have occurred upon that range may have 
been due to its removal.! J. M. 
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I.—Tue Sus-Weaupen EXpPLoratIoNn. 


HE boring to prove the Paleozoic rocks of Sussex, which was 
commenced in 1872, is now being carried on with great vigour. 
‘The adoption of the Diamond method of boring has proved a great 
success. Mr. Henry Willett, in his Sixth Quarterly Report, dated 
March 28th, states that a total depth of 671 feet has been reached. 
The drill, called the “Crown,” is a ring of soft steel 34 inches in 
diameter, and has 15 diamonds set in it round its lower edge. It 
revolves at a speed varying from 150 turns a minute in soft strata, to 
300 in hard rock. Water is pumped down the centre, and rising at 
the sides, conveys the débris in suspension to the surface. The 
diamonds are not brilliant, and have no cleavage planes; they come 
from Brazil, and are called ‘“‘Carbonado.” he cores brought up are 
sometimes six or seven feet long in one piece, and form a beautiful 
section of all the strata passed through. The fact that delicate shells 
are found lying at right angles to the axis of the bore, is an indisput- 
able proof that the beds are horizontal. 
1 As bearing upon this subject, we would refer to a paper by the Rev. J. 8S. Tute 


“On Certain Natural Pits in the Neighbourhoed of Ripon,” Grou. Mac. 1868, 
Vol. V. p. 178.—Epir. Grou. Maa. 
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The following strata have been penetrated :— 


feet in. feet in. 
SHALE sem aie lately Gener Peona nly G0. Pure gypsum... ase vee 0 
Blue limestone on 4 Dark gypsum, impure... ... 13 0 
Shale 9 5 0 Blue shale ... ee eo ued 
Blue limestone 2 0 Gypsum in nodules and veins 13 3 
Shale 4 0 Gypsum marl... ... ... 8 O 
Limestone 1 0 Black sulphurous marl _... 1 0 
Shale ea Ge tek lane me aN fe 040) Greenish sand, with nodules 
Wimestoriewyecsttau oe | ere 3 40 ofrehertian ccs tice teen Wenn ae Laem 
Shalewrer dice tscmccseccn a 1 8 Sandy shale, with nodules of 
Timestone AoW iistyntss. $0411 0 Cert RNAi Se, seo 
Blue shale ... 16 0 Carbonate of lime veins ... 2 0 
Grey shale ... 3 (0 Hard sulphurous black shale 12 0 
Hardishales ary 0 see ee ld 0 Soft sulphurous black shale 7 0 
Shale with erystals of carbon- Hard shale with chert... ... 12 0 
atelor Wime! oo5: 0 J12 42: 9 6 Blackishalemsim-cchitecstinesst atom O 
Grey shale pecans accuse mls GO Very sulphurous black shale 12 0 
Greenish shales with vein of Paler shade with gypsum 
gypsum Bea eke 20 0 MEINS Pen ssas MMe eer oa toe ken 
Impure gypsum ... ... ... 9 0 Warksshaletssscumccen veaey ese ee am 
Pure'gypsum| ~<.. ... ... (4 0 Grey shale ‘‘Kimmeridge 
Impure gypsum ... 8 0 Clay,” very fossiliferous ... 878 


Mr. J. H. Peyton considers that the first 180 feet represent the 
Purbeck beds, and the next 110 feet the Portland beds. 

Mr. W. Topley, of the Geological Survey of England and Wales, 
who has carefully examined the cores between the depths of 376 
feet and 656 feet, says :— 

“We cannot be quite certain at what exact depth in the boring 
the Kimmeridge Clay began, but it was probably at abeut 290 feet 
from the surface; this would give 86 feet below the top of the Kim- 
meridge Clay as the point at which the detailed examination com- 
menced. In the higher part of the Kimmeridge Clay the following 
fossils had already been noted (by Prof. Phillips, Mr. Willett, and 
Mr. Peyton) :— 


Discina (Patella) latissima. Pecten. 
Lingula ovalis Ostrea. 
_ Modiola. Lima (2). 


“The Kimmeridge Clay, as yet met with, presents but few varia- 
tions in character. It is nearly all a very dark grey or blackish 
clay, generally rather sandy and calcareous. Some specimens, which 
were preserved from about 330 to 850 feet from the surface, are 
rather hard, and show no tendency to split up. Those from about 
380 feet, downwards for about the next 100 feet, can only be pre- 
served with great difficulty ; the clay is soft, and the cores split up 
into numerous lamine, generally breaking at the places where fossils 
are preserved. fossils are very numerous in this part, and it is, 
perhaps, partly owing to this that the cores break up so readily ; in 
the higher and lower parts, where fossils are generally much less 
abundant, the cores do not so easily break. 

«At 500 feet from the surface (and for a few feet below) the cores 
are hard, and break with a slightly conchoidal fracture; this is again 
the case at 640 and 650 feet. But the only important deviation from 
the usual clayey character of the bed is a hard, tough, rather sandy, 
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and calcareous stratum, of a light grey colour, which occurs at from 
600 to 602 feet. This, when slightly warmed or struck, smells very 
strongly of petroleum. At 604 feet there is again about 6 inches of 
hard clay with similar characters. 

“Slight indications of petroleum have been noticed all through 
the Kimmeridge Clay, but they become more distinct at about 160 
feet from the top of the clay (or about 450 feet from the surface) ; 
all below that depth is more or less impregnated with petroleum, it 
being particularly abundant at the following depths (from surface) 
—600, 604, 617, 622, and 651 feet. Fossils are scarce, or absent, 
in those parts of the clay which are richest in petroleum. 

“Occasionally there have been veins of carbonate of lime crossing 
the core obliquely ; these were especially abundant at 480 and 549 
feet. The core readily breaks along these oblique lines. Some of 
the strings of carbonate of lime are scarcely visible to the eye; at 
first it appears as though the beds in these parts were dipping at 
considerable angles, and that the cores break along the lines of 
bedding. But this is not the case; all the beds yet passed through 
are horizontal. 

“A list of the fossils hitherto observed is given below. Mr. R. 
Etheridge, F.R.S., has kindly looked over some specimens about 
which IJ felt doubtful; the list of generic names here given may, 
therefore, be taken as correct. When more specimens have been 
collected, and time allows, we shall, no doubt, be able to add the 
- specific names to many. We seldom, however, obtain perfect shells, 
and very frequently the part missing is just that part which is re- 
quired in order to determine the species. 

“Tt has not yet been possible to make out any distinctive zones of 
life, correlating the Kimmeridge Clay of the boring with that known 
elsewhere. Even when all the cores are thoroughly examined, and 
every species fully tabulated, this will be at best a very uncertain 
task, for it is never safe to infer the absence of any fossil, at certain 
horizons, from an examination of a vertical section only two inches 
in diameter. 

“The comparative abundance or scarcity of certain shells is, 
however, worth recording. Trigonia and Alaria are exceedingly 
rare; Ammonites biplex is tolerably abundant all through; Cardiwm 
also occurs all through, but most commonly in the higher part ; 
Modiola pectinata occurs all through the clay, but in the upper part 
the shells are small, and it is only in the lower part that full-sized 
specimens have been obtained; the same remarks apply to Lingula 
ovalis. 

“The horny shells of Discina and Lingula are well preserved ; and 
so, too, are the shells of Ostrea, Pecten, and Belemnite. ‘The shells 
of Ammonites, Modiola, Cardium, and Astarte, are generally less 
perfectly preserved; whilst rca, and some others, occur only as 
impressions, but all the markings are plainly visible. 

“In the following list it will be seen that Gryphea virgula, the 
shell so especially characteristic of the Kimmeridge Clay, is absent. 
Although this shell has been carefully searched for, not one specimen 
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has yet been observed. In the Bas Boulonnais Gryphea virgula, whilst 
occurring all through the Kimmeridge Clay, is especially abundant 
in the lower part. The absence of this in the boring, whilst other 
shells are so remarkably abundant, might lead us to fear that there 
is yet a good deal of Kimmeridge Clay to come. On the other hand, 
it should be remembered that at Weymouth, as Mr. Bristow informs 
me, it is the lower part of the Kimmeridge Clay which yields the 
most petroleum ; and as we are now well down in the oil-bearing 
beds, we may hope that the base of the clay is not far off. 

“Vist of Fossils from the Kimmeridge Clay of the Sub-Wealden 


Boring :— 


Discina (Patella) latissima. 
Lingula ovalis. 


Area. 

Astarte Hartwellensis. 

A, aliena, Phil. 

Cardium striatulum, Sow. 

C.? sp. 

Exogyra nana, Sow. 

Lucina (? young forms of L. Portlandica). 
Modiola. 

Myacites. 

Ostrea deltoidea (?), Sow. 


Ostrea ? sp. 

Pecten arcuatus, Sow. 

P. (a form with coarse ribs). 
Thracia depressa, Sow. 
Trigonia. 


Alaria. 


Ammonites biplez, Sow. 
Belemnite. 


Hybodus (tooth). 
Fragments of fish bones. 


“W. Torrey.” 


According to Mr. Bristow, the Kimmeridge Clays, near Weymouth, 
have been ascertained, by actual cliff measurement, to be 580 feet 
thick. They are supposed to thin out towards the east, and at 
Netherfield will probably not exceed 400 feet, of which 860 feet 
have been already pierced. Mr. Willett states that during the last 
quarter, gypsum beds, which would probably never have been 
known but for this scientific enterprise, have been sought for and 
found at Archer’s Wood, on the estate of the Earl of Ashburnham, 
who was the earliest patron and one of the most munificent donors 
to the Fund. A shaft for verifying and working the gypsum beds 
has also been commenced upon Mr. Hgerton’s estate, within a few 
yards of our shed, just across the stream. It is a matter of*con- 
gratulation that by this discovery there has been developed for 
Sussex a new industry, which promises to be highly remunerative to 
all parties. 

Mr. Topley speaks of the classification of those rocks formerly 
known as the Ashburnham beds, and which consisted of those clays 
which formed the cliffs of Fairlight. It was at one time very 
doubtful whether the Geological Survey should give this name to 
the strata in the interior of the country near Battle, and when 
the gypsum was discovered there, it decided them what to do, as 
they did not find gypsum in the Weald proper. They resolved 
to call the beds in the country near Battle the Purbeck beds, and to 
keep the strata on the coast about Hastings in the Wealden, and they 
now called them the Fairlight clays. Le Bn Nis 
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I.—On tae Anriquiry or Minine iy toe West oF Enenanp. 
By R. N. Wortn, Esq.! 

1 a author said the inquiry into the antiquity of mining in the 

West of England naturally divided itself into three branches 
—the historical, the inferential, and the geological. The historical 
records of their own country showed that long before the date of the 
first existing Stannary Charter, that of John, a.p. 1201, tin mining 
in Cornwall and Devon was a settled and organized occupation. 
Greek and Latin writers about and before the Christian era made 
frequent reference to the existence of a trade from the Hast for tin 
with the Cassiterides, carried on by the Phoenicians. In proof of 
this, the writings of Diodorus Siculus, Strabo, and others were cited. 
The earliest direct evidence was that given by Herodotus, who, 
writing in the fourth century B.c., stated that tin was brought from 
the Cassiterides, but that he did not know where the Cassiterides 
were. It was clear, however, that under that name parts of Corn- 
wall, if not Devon, were intended, and hence a definite recorded 
antiquity was given to the mining of the West of at least 2300 years. 
The use of metals by man clearly pre-supposes the existence of some 
kind of mining. Tin and copper were two of the oldest metals 
known, and were mentioned either by their separate names or under 
the title of bronze in the very oldest writings—-in Homer, Hesiod, 
and in the Pentateuch, the ‘brass’ of which was really bronze. Pre- 
historic archeology gave a high antiquity to what was known as the 
Bronze Period, which in Switzerland had been considered to date 
back 4000 years. Mr. Worth was inclined to agree with the 
position of Sir John Lubbock, that the use of bronze in Hurope 
originated with an Indo-European race, and could not accept the 
theory that bronze was first produced in the West of England by the 
smelting of mixed metal ores. Given the antiquity of the bronze 
age, the next point to be decided was, whence the tin used in its 
manufacture came. He held that so far as Europe was concerned, 
the balance of evidence —tin being a metal which occurred nowhere 
in Europe in large quantities save in the West of Hngland—was 
overwhelmingly in favour of Cornwall and Devon. The examination 
of the third branch of the inquiry—the geological—was prefaced by 
an explanation of the different modes of occurrence of tin ore, in lodes 
or in detrital deposits; and the manner in which the one was 
wrought by mines and the other by streaming —the latter the oldest 
form of tin mining practised. The oldest streamers of which they 
had any knowledge had no other implements than a pick of wood 
or horn and a wooden shovel—many of which had been found in 
old workings. It was entirely due to the fact that streaming was 
the oldest method of raising tin ore that they were enabled to form 
any far-reaching conclusions as to its antiquity. There was not a 
valley on the South Coast of Cornwall—at all within the mining 
area—that had not been streamed again and again; but nowhere had 
the stream works been so extensive and important as at Pentuan and 


1 Being the substance of a lecture delivered on March dth at the Plymouth 
Atheneum. 
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Carnon. In 1829 Mr. J. W. Colenso gave the Royal Cornwall 
Geological Society a description and section of the Happy Union 
stream work at Pentuan. Here, at a considerable depth under beds 
of gravel and silt, the result of both marine and fresh-water depo- 
sition, there were found the remains of an ancient forest growing 
upon and out of the stratum which contained the tin stones, the 
trunks of many of the trees being én sit#. This was thirty-four feet 
below the level of the sea at low water springs. A piece of wood 
shaped by man was found twelve feet above, and twenty feet 
above that again the bones of a whale of an extinct species, and 
human skulls. Higher up the valley, in Wheal Virgin stream-work, 
at a point where the tin ground was still below the level of the sea, 
it was found to have been worked. About the same time Mr. W. J. 
Henwood, F.R.S., communicated to the same Society a paper on the 
“ Deposits of Stream Ore in Cornwall,”! which contained sections and 
descriptions, amongst others, of the stream-works at Carnon. The 
sections in the two valleys, though differing, presented the same 
general characteristics ; and whereas at Pentuan human remains were 
found 40 feet below the surface—34 feet below high-water—at 
Carnon they were discovered at a depth of 58 feet—64 below high- 
water. And as at Pentuan traces of the “old men’s workings”’ were 
found below the tide level, so at Carnon, at a depth of 40 feet, there 
were disinterred a wooden shovel and a deer-horn pick. Although 
a mound would have been required to prevent the influx of the tide 
in working this spot, no traces of such an erection were discovered. 
De la Beche held that the discoveries at Pentuan and Carnon proved 
that a considerable change had taken place in the relative levels 
of sea and land since man inhabited Cornwall. The mere fact of 
the occurrence of traces of human existence and industry at a cer- 
tain depth in valley deposits did not of necessity imply any great 
antiquity. The special industries of Cornwall had caused large 
quantities of débris to wash down; but the deposits overlying the 
traces of ancient mining operations at Carnon and Pentuan, were, in 
Mr. Worth’s opinion, indicative of a gradual formation. They were 
fluviatile, estuarine, marine, possibly lacustrine also; and to the 
geologist they indicated the lapse of considerable time, changes of 
level, and other alterations of condition. After contending that the 
remains to which he directed attention were clearly antecedent to 
the deposits, Mr. Worth said that in that case they were driven to 
one of two conclusions—either the ancient miners must have worked 
beneath the level of the sea, or whereas the tin bed was now beneath 
the sea-level, at the date of these operations it must have been 
above. The first supposition did not require examination. There 
were evidences of geologically recent and gradual changes of level 
all along the coasts of Devon and Cornwall in the raised beaches 
which were found 380 feet or so above the beaches now existing, and 
in the submerged forests so frequently discovered, which showed ~ 
that since they flourished the land had sunk at least.70 feet. These — 


2 See Guou. Mac. April, 1874, p. 177. Also, Journ. Royal Inst. of Cornwall, 
Truro, No, xy. 1878. 
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erew immediately on the tin ground in Carnon and Pentuan, and 
during the forest epoch, therefore, the tin ground could have been 
worked at surface. Unless the premises were wholly incorrect, tin 
must have been an object of search in Cornwall when the now sub- 
merged portions of these ancient forests had not disappeared wholly 
beneath the waves. When was this? ‘The positive evidence was 
small. The Mammoth existed during part of the forest period, but the 
submergence was so gradual that it was not absolutely needful to hold 
that there were miners contemporaneous with the Mammoth. But 
there was some valuable negative evidence in the fact that the level 
of England could be proved to have remained unaltered since the days 
of the Roman occupation. The fact, too, that St. Michael’s Mount 
still answered to the description of the Iktis of Diodorus Siculus, 
was another proof that the subsidence of the forests and the accumu- 
lation of the bulk of the overlying deposits must have occurred 
long before. The general conclusions tended to show: that the 
historical evidence of the antiquity of Western mining carried it 
back at least 2,300 years; that the inferential evidence nearly, if not 
quite, doubled that period; that the geological evidence antedated 
its commencement to a time when the Mammoth either still existed 
or had not long disappeared, and when the general level of Cornwall 
and Devon was at least 20 to 30 feet higher than it was at present. 


IJJ.—Brirr Arstracts—A. MInERALOGY. 


1.—On Psrupomorpus or Rock-saLt FROM WESTEREGELN. Uber 
Steinsalz-Pseudomorphosen von Westeregeln. Von Herrn EH. 
Weiss, in Berlin. Zeitschrift d. Deutschen Geologischen Gesell- 
schaft. Band xxv. 1873, Heft 3, pp. 552-561. 
WO shafts sunk for working rock-salt near Westeregeln, N.W. 
of Stassfurt, in Prussian Saxony, have yielded the pseudo- 
morphs described in this paper. A collection of specimens of the 
various rocks pierced by the shafts has been presented by Mr. 
Douglas, of Westeregeln, to the Mining Academy of Berlin, and 
it is on these specimens that the present communication is founded. 
The pseudomerphs are of two distinct kinds: the one a pseudomorph 
of rock-salt after rock-salt, the other of rock-salt after carnallite. 
A section of Shaft I. shows that the crystals were found chiefly in 
beds of saliferous clay'at a depth of about 125 meters from the surface. 
The pseudomorphs after rock-salt present the appearance of small 
white, yellow, or pale-red cubes, more or less distorted or elongated, 
and frequently with oblique angles, so as to resemble rhombohedra. 
However irregular the angles, the crystals may always be readily 
cleaved into lamine in three rectangular directions, representing the 
ordinary cubic cleavage of rock-salt. The external surface of the 
pseudomorphs is formed by a very thin layer of quartz which remains 
behind, as a hollow shell, when the salt is removed by solution. 
The history of these pseudomorphs is thus interpreted by the author : 
the salt originally crystallized in the form of true cubes scattered 
through a matrix of soft clay ; these crystals were then dissolved out, 
leaving cubic cavities which were afterwards distorted either by 
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displacement or by contraction of the surrounding clay ; quartz was 
then deposited on the walls of the cavities, as a thin layer of crystals, 
having their apices directed inwards; and, finally, a solution of 
chloride of sodium was introdueed into these drusy cavities, which 
thus became gradually filled by a second deposit of salt. There are 
reasons for supposing that in most cases the original cube of rock- 
salt was not completely removed, but that a fragment remained in 
the cavity, and served as a nucleus for the second deposition. 

The pseudomorphs of rock-salt after carnallite occur chiefly in a 
bed of clay immediately below that which yields the other pseudo- 
morphs, but in some cases the two kinds are associated in the same 
bed. The crystals present forms characteristic of carnallite, and are 
coloured red by the presence of ferric oxide. 

The following analyses show the composition (I.) of the white 
pseudomorphs after rock-salt, and (II.) of the red pseudomorphs 
after carnallite. The salts were dissolved in water, with addition 
of a little nitric acid ; the insoluble residue consisted chiefly of silica, 
with a small proportion of ferric oxide and alumina. 
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2.—Taytor, J. E. A Sketch of the Geology of Suffolk. From White’s 
History, etc., of the County, pp. 18. Large 8vo. Sheffield, 1874. 
An account of the literature of the subject is first given, and then 
the geological formations are described, in ascending order, beginning - 
with the Chalk, the places where it crops out being noticed, and also 
the various depths at which it has been found in wells. The Reading 
Beds and London Clay follow next, and many sections are named. 
The “Box Stone Deposit” is then described; it underlies the 
Crag, and is characterized by containing many large flints, foreign 
boulders, and brown water-worn sandstone masses, which last often 
contain casts of shells, that are disclosed by a sharp blow; and it is 
now concluded that these stones are the remnants of a deposit older 
than the Coralline Crag, to which they were once thought to belong. 
The peculiar Suffolk formations, Coralline and Red Crags, with their 
chief sections, are noticed, and followed by accounts of the Norwich 
Crag, Chillesford clay and Forest-bed, a description of the sandy 
gravels and clays of the Lower and Upper Glacial Drifts and of the 
Post-Glacial beds concluding the essay. W. W. 


1 The sulphates are calculated as anhydrous salts. 
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3.—Kerr, C. M. An Excursion of Mr. Wilson’s Geological Class to 
Mount Sorrell. Rep, Rugby School Nat. Hist. Soc. for 1873 
pp. 7-9. [1874. ] 
The soil produced by the decomposition of the syenite was 
noticed to be thick, and there is also Glacial Drift. Some of the 
sections are briefly noticed. W.W. 


4.—Witson, J. M. The Rugby Drift. Rep. Rugby School Nat. Hist. 
Soc. for 1873, pp. 10-18. [1874.] 

The cutting on the London and North-Western Railway between 
the Station and Clifton-road showed Drift over Lias, the former con- 
sisting, in ascending order, of a foot of clay full of chalk-pebbles ; 
three to five feet of clay with little chalk; a sandier clay with 
pebbles of quartzite and of chalk; and at top sand and gravel. 
The author then enters into the question of the glacial origin of the 
beds, and the direction from which the materials must have come, 
and concludes that all the drift is the result of one process, while 
the land was sinking, the materials being derived at first from the 
neighbourhood, and then from greater distances. W. W. 


5.—Mann, E. Geological Expedition to Atherstone and Nuneaton. 
Rep. Rugby School Nat. Hist. Soc. for 1873, pp. 19-22. [1874. ] 
Notices sections of Millstone Grit, with intruded greenstone. 


W. W. 


6.—Oxpuam, Dr. Coal Fields of British India. Rep. Rugby School 
Nat. Hist. Soc. for 1873, pp. 45-54. 


The lowest formation in India is gneiss, with trap-dykes of great 
length. This is succeeded by the schistose and quartzitic Kuddapa 
rocks, above which an unconformity occurs, and the overlying rocks 
have various local names. Above these comes the Vindhyan series 
(sandstones with limestones and clays), of great thickness and area, 
probably of “Old Red” age, and of freshwater or estuarine origin. 
There is then another unconformity, and the succeeding thick series 
of sandstones and shales is marked by the occurrence of terrestrial 
plants. The lowest part of this “plant-bearing series” is the Talcheer 
beds, consisting of fine silt with large blocks of rocks from distant 
localities, which have been transported by ice, as some show glacial 
polishing and scratching. To the Talcheer beds succeed the Damuda 
beds (10,000 feet thick), which contain all the productive coal, and 
consist of ironstone-shales, sandstones, and coals, the last varying 
up to thirty-five feet in thickness. Westward the coal-bearing rocks 
change in character, some divisions dying out, and the coal being 
concentrated in a few thick beds. 

The coal-fields are in basins, largely owing to original limitations 
of deposit, and not merely to denudation. They are in groups 
related to the great drainage courses, which seem to have been 
marked out at the time of the deposit of the coal-bearing beds. All 
the coals consist of fine layers of vegetable matter and silt, and are 
less mineralized than most English coals; their age has been 
wrongly given as Oolitic and Carboniferous (plants being the only 
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fossils) ; but from the probable Triassic age of certain overlying 
beds, they may be partly Permian and partly Carboniferous. 

W. W. 
7.—Maxwett, L. Geological Section (Report of). Rep. Rugby School 
Nat. Hist. Soc. for 1873, pp. 64, 65 (Plate). 

Three sections of “the Oolitic Drift at Brownsover” are given. 
The beds are gravel and sand, arranged in a sort of basin. Four 
other sections in gravel, sand, and clay (Bilton), are noticed. W. W. 


§.—AnpeErson, J. On the Geological Formations of the County 
Down. Proc. Belfast Nat. Hist. and Phil. Soc. for the Session 
1871-72, pp. 41-49. [1873.] 

The author gives a general sketch of the geology of County Down. 
He points out that the Keuper and Bunter divisions of the Trias 
appear conformable. He disputes the identification of certain 
Permian rocks at Fortwilliam and Cultra, considering them to be 
of Carboniferous age. The Carboniferous and Silurian rocks are 
referred to, as likewise the igneous dykes, and some rocks supposed 
to be of Cambrian age. ‘The mineral veins are briefly alluded to, 
and lastly the author points out some of the later changes in the 
physical geography of the district. H. B. W. 


9.—Macruerson, J. Geological Sketch of the Province of Cadiz. 
8vo. pp. 59. Cadiz, 1873. 

The author first describes the physical geography of the district, 
and then points out the general features of the Secondary rocks. 
These form three distinct series, perfectly well defined by their 
respective faunas. ‘The lower one is formed by strata which belong 
to the Liassic formation; in the second organic remains are found, 
which prove it to belong to the Upper Jurassic series ; whilst in the 
third, beginning with the fauna of Stramberg, the strata terminate 
with true Neocomian deposits. Hocene, Miocene, Pliocene, and 
recent deposits are briefly described. Gypsiferous rocks form a broad 
belt, which traverses the entire province; the author hints at their 
possible Triassic age, but “is more inclined to consider these deposits 
as the result of a profound epigenesis which has taken place since 
the Miocene epoch.” Salt and sulphur springs are numerous in the 
region, and there are some mud-volcanos in activity. 

The work is accompanied by several plates of sections, which the 
author describes, pointing out the nature of the disturbances which 
have taken place; and indeed the structure of the country as dis- 
played in these sections is one of numerous undulations. 

A geological and an isometrical map accompany the paper, and 
it is interesting to compare the two: there is hardly any connexion 
between the geological boundaries and the contour-lines, owing to 
the great disturbances that have taken place, and the vast denu- 
dations that have succeeded them. EY Bae 


10.—Youne, R. Some Remarks on the Recent Changes of Coast 
Level at Ballyholme Bay, Co. Down. Proc. Belfast Nat. Hist. 

and Phil. Soc. for the Session 1871-72, pp. 39-40. [1873. ] 
A section of the Post-Tertiary beds exhibited at Ballyholme Bay 
is described. These comprise, first, Boulder-clay, which rests 
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on the Lower Silurian slates; for a short distance it occupies a 
horizontal position, and then sinks gradually below the beach. Above 
the Boulder-clay, and resting conformably upon it, is a bed of dark 
sandy mud, which likewise dips under the beach. At low water, 
and when a storm has removed the loose shingle, portions of trees, 
mostly of the alder and willow, are to be seen imbedded in the upper 
surface of the mud. The author considers that there must have 
been a greater elevation of the land at the time when the trees were 
growing, to the extent of at least eight feet above the present level, 
and that subsequently a subsidence to the extent of at least thirty 
feet took place, and again an elevation to the level at the present 
time. H. B. W. 
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11.—Winxter, Dr., Mémoire sur des Dents des Poissons de Terrain 
Bruxellien. In the Archives du Musée Teyler, vol. 3, part 4, 
1873. 

Dr. Winkler gives a list of 44 species of fish teeth belonging to 
the Sharks and Rays, from the Terrain Bruxellien (Middle Hocene) 
of Belgium, of which five are new and fully described in his memoir, 
viz.: Corax fissuratus, Galeocerdo recticonus, Otodus minutissimus, 
Lamna gracilis, and Plicodus T’hielensis, the latter being a new genus 
belonging to the Cestracionts, and closely related to the genus Orodus 
from the Carboniferous Limestone of Bristol, but of which no inter- 
mediate or similar form has been found in the long series of inter- 
vening strata. J. M. 


12.—Mactosxrig, Rev. Dr. G. The Silicified Wood of Lough Neagh, 
with Notes on the Structure of Coniferous Wood. Proc. Belfust 
Nat. Hist. and Phil. Soc. for the Session 1871-72, pp. 51-65. 
f1s7£.] 

The silicified wood is found in the drift deposits at Sandy Bay 
and other places inland, on the eastern and northern borders of the 
Lough ; it is only found on the beach on the western side of the 
water. In certain places near Sandy Bay the silicified wood has 
been found in connexion with lignites, but it is not co-extensive 
with them, nor does it, like them, occur intercalated between the 
masses of trap rock. The author considers that there is an intimate 
connexion between the silicified wood and the ignites of Antrim, and 
that the former is probably a representation of Miocene vegetation. 

The original wood was coniferous, of the type Cupressoxylon, and 
may have been of the genus Sequoia, but this is uncertain. The 
process of silicification was, in Dr. Macloskie’s opinion, probably due 
to cold water holding silica in solution; a rapidly running river 
containing silica in solution, and having logs of trees in its channel, 
would, he thought, afford favourable conditions for the production 
of silicified wood. In conclusion he pictures the conditions under 
which these remarkable fossils may have ween deposited in the 
positions in which they now occur. EC BWe 
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I.—Tuer Moon.! 


HE work of which the title appears below is a magnificent con- 
tribution to the study of the phenomena of our satellite, 
illustrated by most interesting and instructive photographs of the 
entire visible dise and magnified portions of its principal features. 
The accompanying verbal descriptions, and the disquisitions on the 
character and probable origin of these features, are given with a 
fulness of detail and clearness of style which cannot fail to render 
the work acceptable to both the scientific and general public. I will 
not, however, pretend to review such a work in its entirety, for 
which the limits to which I must confine myself would not suffice. 
But it may be allowed me, perhaps, to notice briefly such portions 
as bear upon the seemingly volcanic character of the lunar surface, 
and may possess an interest to the readers of the Magazrnz. 

It is now fifty years since, upon my reading a paper to the Geo- 
logical Society on the Phlegreean fields near Naples, illustrated with a 
sketch-map of its several crater-hills, Sir John Herschel, in the 
discussion that followed, expressed his conviction that many portions 
of the moon’s surface must have had a similar volcanic origin. And 
he subsequently declared that the lunar mountains “expressed the 
volcanic character in its highest perfection.” Nevertheless there 
exists sufficient difference between the volcanic manifestations in the 
two planets to justify the opinion of a corresponding difference in 
the conditions under which they were produced, and to render their 
comparison an interesting subject of study to geologists, no less than 
selenologists. Having myself paid special attention to the pheno- 
mena of terrestrial vulcanicity, I will venture to offer some remarks 
that suggest themselves in reference to the diversities alluded to 
above, and their probable causes. 

1. Lunar craters. No one can have examined the moon’s surface 
with a telescope of even moderate magnifying powers without 
being struck by the prodigious number of crater-like hollows with 
which it is pitted, as thickly as ever was a human face with the 
marks left by the small-pox. They are in fact countless, and of 
all sizes, from circular or nearly circular plains—20, 30, even T0— 
and if the larger dusky spaces usually called seas are to he also 
reckoned as craters, from their approximating to a circular outline— 
more than 300 miles in diameter, each surrounded by ramparts often 
several thousand feet in height, generally precipitous towards the 
interior, but having rugged outer slopes—down to cones so minute 
as to be almost invisible even with the aid of the most powerful 
instruments, each likewise encircling a cup-shaped hollow. These 
minor craters are generally arranged in lines, often radiating from 
some central point on which the eruptive force seems to have been 
exceptionally violent. 

The other characteristic features of the lunar disc, as described by 


1 The Moon, considered as a Planet, a World, and a Satellite, by James Nasmytu, 
C.E., and James Carpenter, F.R.A.S. (John Murray, Albemarle Street, 1874.) 
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MM. Nasmyth and Carpenter, and exhibited in their photographs, 
are (2) plains and plateaux, superficially more or less smooth, sug- 
gesting the idea of the consolidated surface of a sea of mud or lava, 
upon which the innumerable cones and craters already mentioned 
are profusely scattered. (8) Mountains, often occurring singly in 
the centre of the crater rings, not unfrequently, however, having 
several distinct peaks, and in some cases, but not many, rising from 
the plains in rough wrinkles or linear ranges. None of these 
eminences show any signs of craters upon their summits or sides, as 
is generally the case with the volcanic mountains of our globe. (4) 
Bright but narrow streaks, usually radiating from some conspicuous 
crater in all directions, and to distances of many hundred miles. 
These streaks pass over all the other superficial features without dis- 
turbing them, and rise so slightly above the surfaces they traverse 
as to cast no shade on either side, however obliquely the sun’s rays 
strike them. Indeed they are only visible when the light falls 
directly upon them. They convey the impression of having been 
eracks in the already consolidated surface, starred by internal expan- 
sion, from which hquid matter has exuded throughout their whole 
length, and overflowed their edges, but without spreading laterally to 
any distance. (5) Other evident cracks, narrow but deep, and to all 
appearance empty, which likewise traverse large.portions of the 
lunar plains, and sometimes cut through a mountain range. 

These features are on the whole not very dissimilar from those 
observable in volcanic districts on our earth’s surface. The resem- 
blance at least is sufficiently close to justify the general notion that 
they have been produced by forces analogous to terrestrial vulcanicity. 
The differences, however, suggest proportionately different conditions 
under which volcanic action has operated on the respective surfaces 
of the two planets. 

For example, while the volcanos of our earth are, as a rule, and 
appear always to have been, intermittent in their activity, —intervals 
of quiescence usually alternating with periods of eruptive violence 
from the same vent, so as to produce in the result a conical moun- 
tain with a crater on its summit,—not a single instance of this 
kind, as has been already noticed, is to be ai: with on the moon. 
Chater there are, as has been said, in numbers, encircled by ram- 
parts of varying heights, in some cases reaching 15,000 feet 
from their base. But the area inclosed by these circular ranges 
is too large to admit of the whole elevation bearing any re- 
semblance to a volcanic mountain, the result of repeated erup- 
tions, like Etna, the Peak, Cotopaxi, Chimboraso, Ararat, Fusiyama, 
‘ete. It would seem that each of the lunar craters was the pro- 
duct of only a single eruption, as in the case of the Phlegrzan 
fields, the Puys and crater-lakes of central France, the Hifel, etc.. 
—the craterless hills which so often rise in the centre of a lunar 
crater having been the final product of the eruption which 
hollowed it out, and threw up the encircling rampart, thus cor- 
responding to the domes or bosses of trachyte sometimes found in 
the interior of terrestrial craters, such as Astroni, Rocca Monfina, the 
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Puy de déme, Sarcouy, etc. These central cones, however, in the moon 
never rise to the height of the encircling ramparts. Indeed so far 
from there being any signs of recurring activity among the lunar 
volcanos, the close packing of such a vast number of craters over 
nearly the whole surface of the moon, frequently touching, but 
rarely interfering with one another, goes far towards accrediting 
the belief that they were all in eruption at the same time, or, at least, 
within the same very limited, and that probably a very early period 
of our satellite’s existence. It seems certain that while the processes 
which have communicated such infinite variety to the surface relief 
of our globe, and are still performing the same useful function, have 
always been in active operation, those which produced the con- 
figuration of the moon were only in activity at a time incalcul- 
ably remote from the present, and have remained inactive ever 
since; that while the former is and always has been undergoing 
continual superficial destruction and renovation, almost resembling 
the phenomena of life in an organized being, the latter has been 
since the date of its eruptive activity absolutely inert and inanimate, 
an extinct planetary body, destitute alike of organic life and even 
of inorganic movement, internal or external, active or reactive. 

Such indeed would seem to be the necessary result of the absence 
of any atmosphere, as well as of water, upon the moon’s surface—a 
fact which can hardly be called in question as respects the present 
time, seeing that no clouds or vapour have ever been detected there, 
such as could not fail to be produced in abundance by the exposure 
of any superficial moisture to fourteen days of continual sunshine. 
That the same condition has existed from the first, or at all events 
since the formation of the present surface of the planet, is also 
rendered almost certain by the non-existence there of any marks of 
erosion or denudation. ‘The absence of an atmosphere and of water 
by eliminating all meteoric agencies must, from the first, have 
deprived the moon’s surface of any covering by sedimentary and 
transported materials, such as compose so large a portion of our. 
earth’s outer envelope, and by their low conductivity greatly 
reduce the rate at which its internal heat escapes by radiation 
into space. The fact that no change has been observed by reliable 
authorities in the superficial features of the moon through the last 
two or three centuries likewise offers some assurance of the com- 
plete cessation at present of all intestine movements affecting its 
crust, of the character of those which we know to be continually 
disturbing the face of our planet. Thus, though we may conjecture 
that the origin of both was the same,—viz. from the condensation 
of nebular matter,—it is evident that, through some cause,—whether 
its comparatively small volume and gravitating force, or its alternate 
exposure for fourteen days together to extremes of superficial tem- 
perature due to solar heat, probably ranging from 300° F. above, to 
200° F. below freezing-point, or the excentricity of its axis of rota- 
tion, or other unknown circumstance,—the present condition of the 
moon is very dissimilar from that of our earth, and the analogy 
observed in some of its main features must not lead us to infer that 


Reviews—Nasmyth and Carpenter on the Moon. 275 


they were produced under precisely similar conditions. Indeed, 
under the conditions which seem to have prevailed from the first in 
the moon it is possible to imagine that our globe itself might have 
appeared less dissimilar to its satellite in outward aspect than it is at 
present, the agents of its external change being confined to those of 
volcanic order. Nay, it is conceivable that its rate of cooling due 
to the loss of heat by radiation into outer space would, in the ab- 
sence of any external coating of sedimentary rocks, water, or air, 
have been so infinitely quicker that it might have long since assumed. 
the inert and lifeless character of the moon itself—its internal heat 
exhausted, a spent planet. From this terrible fate it seems that we 
have been hitherto preserved by the continual play of opposing 
forces, from within and from, without, secured to our earth by its 
aqueous and aerial envelope. 

Assuming, however, the surface matter of the moon tobe more or 
less of the nature of our plutonic and volcanic rocks, and to have 
been consolidated from a condition of igneous fusion, which seems on 
cosmical grounds to be reasonable, the question remains, what was 
the character of the eruptive forces to which the peculiar features of 
this surface are owing? Were they identical with or even similar 
to the volcanic action which has operated on the crust of our globe ? 
and if any difference is to be suspected, in what does it consist, and 
in what may we suppose it to have originated? An inspection of 
the portions of the lunar surface so ably photographed in the work 
before us supplies some help towards the elucidation of this problem. 

It is difficult. upon such inspection, to resist the impression that 
the main features of the moon’s face are due to the sudden, rapid, 
and violent ebullition of a liquid surface, occasioning the repeated rise 
upon numerous points, from the heated interior, of volumes of im- 
mensely elastic vapour (bubbles I would call them, after Hooke), the 
explosion (or bursting) of which exercised a powerful dispersive force 
upon the superficial liquid matter, propelling it outwardly on every 
side, both in spattering jets, and in concentric waves—the matter 
thus driven away from the vent consolidating rapidly into an an- 
nular bank or rampart around it at a radial distance determined by 
the violence of the explosions. 

The subsequent more tranquil emission of the liquid matter 
beneath, through the vent-holes thus established (a common occur- 
rence among terrestrial volcanos), as well as from cracks caused by 
deeper internal intumescence, or by the hydrostatic pressure of the 
gradually contracting shell, will account for the partial or complete 
fillmg up of the craters with lava, followed by its frequent outflow 
from their breached sides; as likewise for the still later exudation of 
more viscid matter both from the central vents and from fissures 
producing heaped up mountainous excrescences, as well as the bright 
streaks described above; while the complete consolidation and conse- 
quent shrinkage of the surface will have given rise to those rectilinear 
empty cracks which seem to indicate the last phase of the process. 

A view to some extent similar to this is advocated by MM. Nasmyth 
and Carpenter. They, however, endeavour to account for “the 
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violent ejection of the matter underlying the solidified crust of the 
moon,” by a force derived ‘‘from the expansion of a solidifying 
substratum, without having recourse to aqueous or gaseous sources 
of eruptive power,”’—a process which does not appear very intel- 
ligible. It is undeniable that the production of volcanic mountains, 
and still more of craters, upon our earth, is due to the eruptive forces 
of some elastic vapour or gas (chiefly, if not solely, steam). If, 
therefore, we are to believe in any analogy between terrestrial and 
lunar volcanic action, we cannot dispense with the influence of the 
outburst of elastic vapour from the surface of the moon in the pro- 
duction of her craters. I cannot indeed conceive the violent ejection 
and dispersion of fragmentary or of liquid matter to horizontal 
distances of many miles—which is required in the theory of these 
authors—by the mere escape of liquid from a vent, unaccompanied 
by any explosive force. The phenomena of Kilauea perhaps offer 
the nearest approach to an example of inexplosive volcanic action. 
And the authors of the work before me modestly express some doubt 
whether Dana’s reference of the formation of the lunar craters to a 
similar process, ¢.e. to the mere circular spreading of heat from the 
centre of an ebullient lava surface, be not more plausible than their 
own theory. But Kilauea is a very exceptional case among terres- 
trial volcanos. Its crater is a lateral aperture or well, kept open by 
the rather tranquil boiling up of what may be called a spring of lava 
in its centre. It lies low down on the flank of a dome-shaped 
volcanic mountain (Mauna Loa), which rises 10,000 feet above it, 
and is frequently in eruption, so that the column of liquid lava in 
this main vent may be supposed to supply that which wells up in 
the lower branch of the syphon. There is no bank or annular 
rampart on the outside of its inner cliffs. On the whole Kilauea 
bears little or no resemblance to the normal type of lunar craters. 
Nevertheless the peculiarities of these craters do seem to me to 
suggest some deviation from the ordinary explosive action of terres- 
trial volcanos, to which the formation of the vast crater-rings of 
Madeira, Teneriffe, St. Helena, Santorini, etc., are clearly attributable. 
These are, unquestionably, as I have called them, after Mr. Darwin, 
“the basal wrecks or remnants” of great volcanic mountains, the 
summits and central parts of which have been blown into the air 
by continuous explosive outbursts of steam. That they are so is 
proved by the outward quiquiversal dip of repeated beds of solid 
lavas and their conglomerates, of which these remnants are always 
composed. In the moon, on the other hand, as I have already said, 
there does not exist a single mountain of the kind, and it is not 
likely, therefore, that its numerous craters ever possessed this 
character. Our globe, however, presents us with examples of 
craters of another class, —both large and small, and some of a 
magnitude almost rivalling in area the largest of the lunar craters,— 
I mean those craters that have resulted from single eruptions upon 
fresh points of the earth’s surface, and especially the crater-lakes of 
common occurrence in many volcanic districts—saucer-like hollows 
surrounded by banks of fragmentary matter, sometimes breached at 
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one or more gaps, which gave issue to a stream of lava that flooded 
the neighbouring surfaces. ‘There are crater-lakes of this character 
from 10 to 20 miles in diameter, and each attests the violent out- 
burst of volumes of elastic vapour of enormous amplitude, and a 
dispersive force equal to scattering to vast distances the materials 
through which they explode in showers of fragments of lava, scoriz, 
and the subjacent rocks, together with mud, sand, or ash mixed with 
water, when, as seems to have been often the case, the eruption took 
place beneath a shallow sea or lake. In this last case powerful con- 
centric waves of semi-liquid matter will have been often propelled by 
each explosion from the centre to the circumference of the basin, 
where, mixing with the acrial fragmentary showers, they would 
assist in forming the annular rampart. Now if we suppose ex- 
plosive eruptions of this character to have burst through the sem- 
liquid and probably molten and incandescent surface of the moon, 
we have a process capable, I think, of explaining the appearances 
presented by the lunar craters, not even excepting those of the 
stupendous areas noticed above as usually called seas. 

These vast rings may have been the first effect of the erup- 
tive action on the surface of the moon immediately after its con- 
densation from nebular into liquid matter. It can scarcely be 
inconceivable that disturbances of that surface may have then oc- 
curred on a scale equal to the effect here indicated, when we look 
to the eruptive phenomena still taking place on the solar disc, of a 
character not altogether dissimilar, though infinitely more violent, 
and affecting far larger areas. Hven now, on our own planet, 
oceanic waves, probably occasioned by submarine volcanic erup- 
tions, have at times simultaneously invaded with great violence both 
the east and west shores of the Pacific, affecting therefore an area 
equal in diameter to a third of the circumference of the globe. 

The process to which I am here attributing the lunar craters may 
perhaps appear extravagant in respect to the largest of them. But 
it is difficult to draw a line of separation anywhere between large 
and small. Nor, I think, ought the element of size to carry much 
weight in the consideration of the question. It is impossible to 
assign a limit to the explosive force of expanding vapour or gases 
at intense temperatures. Incandescent lava drops have been seen, 
in some eruptions of Iceland, to be thrown up to vertical heights of 
20,000 feet and more. The explosions of Tomboro in Sumbawa, and 
of Coseguina in Central America, have, in recent eruptions, scattered 
over thousands of square miles around their craters an amount of frag- 
mentary matter sufficient, in either case, to build up an Etna. If we 
admit that a succession of concentric waves may have propelled the 
scorie congealing on the surface of a boiling sea of lava to unite 
with those falling after direct ejection from the vent in the formation 
of an annular rampart around it, we might anticipate the instantaneous 
solidification of the splashed-up lava there, owing to the absence of any 
atmosphere to impede the dissipation of its heat into space ; and the 
result might exhibit those precipitous and terraced interior cliffs and 
the more gradual exterior slopes which the larger lunar rings so 
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universally possess. The innumerable smaller craters are undeni- 
ably of the ordinary terrestrial type, and from their position may 
be considered as subsidiary or parasitic to the larger, by which I 
mean all above three or four miles in diameter. These last, though 
ranged in strings or clusters, in which each nearly or quite touches 
another, yet do not cross or (except in the rarest instances) overlap. 
No more complete proof could be afforded of their simultaneous. 
origin, as well as of their having been mainly produced by that 
horizontal dispersive foree urging concentric waves and jets of 
matter from the central vent, to which I have ascribed them. Had 
these several craters been consecutively produced, it is difficult to 
conceive that the later-formed should not have often covered or 
overlapped the earlier. So also, if the explosive action had been 
chiefly vertical rather than horizontal the fragmentary masses thrown 
up by one vent would often have been mingled with those of its 
neighbours in irregular ridges, in lieu of the extremely regular 
rings we see. The next step in the process to the formation of 
the craters seems to have been, as I have said, the tranquil 
welling-up from beneath, through their central vents, of a pro- 
digious abundance of liquid lava, fillimg them up more or less 
completely, and often causing breaches in the encircling walls, 
through which floods of lava escaped and spread, either in rugged 
streams, or more even sheets, over the surrounding plains. This is 
known to be a very common if not universal circumstance among 
terrestrial volcanos. And we need not hesitate to believe in its 
occurrence in those ef the moon, because of the vastness of the 
surfaces apparently covered by its lava-fiows. While I am writ- 
ing I see a report by Professor Leconte deseribing the great lava- 
flood of California, Oregon, and Washington, as having, during 
or after the Miocene period, deluged a tract of between 200,000 
and 300,000 square miles, its average thickness being probably 
2000 feet! He believes this vast amount of liquid matter “to 
have been squeezed out from beneath through fissures in the super- 
ficial rocks, by horizontal and vertical pressure.” ‘The area thus 
covered exceeds any of the great plains of the moon—even the so- 
called seas. Subsequently to the occurrence of these lava-floods, 
their rapidly consolidating surface seems to have been fissured by 
cracks sometimes radiating from a principal crater like those in 
atarred glass, sometimes independent or irregularly branching from 
one another; the former appearing to have given vent to partial out- 
flows of lava through their whole length, producing the white streaks 
already noticed ; the latter to some of the small subsidiary cones and 
craters already alluded to. Vast numbers of these likewise were 
thrown up on the intervening plains, both within and without the 
larger crater-rings, and many upon the ramparts themselves. At 
or about the same time the mountains appear to have risen by 
exudation as the last product of their central vents. While in some 
rare cases ranges of similar excrescences (one called the Apennines, 
of considerable size and height) were produced in the same way 
from fissures across the plains. Finally, the further consolidation 
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of the surface, together with its shrinkage on contraction, gave rise 
to the empty cracks already mentioned as here and there traversing 
the plains. 

Such, briefly sketched, is the origin I venture to attribute to the 
leading features of the moon’s visible disc.!. It does not differ very 
greatly from the view propounded by MM. Nasmyth and Carpenter, 
except as maintaining the explosive character of the chief phenomena 
—hbringing them therefore nearer to the analogy of terrestrial vul- 
canicity. The further progress of consolidation towards the interior 
seems not to have affected the outer crust, either by that tangential 
pressure to which some geologists attribute the crumpling of the 
solidified surface of our globe, or that subsidence of the fractured 
shell upon a shrinking nucleus, which Mr. Mallet considers to pro- 
duce, by the conversion of its gravitating force into heat, terrestrial 
volcanic energy. What contraction may have taken place in the 
subcortical matter of the moon since the external features I have 
described were stereotyped on its surface probably satisfied itself 
_ by the production of rents, flaws, or cavities in the interior, as 
often occurs in the cooling of large balls or cylinders of cast iron. 
It is even possible to imagine that, if any water or atmosphere 
originally existed upon the moon, it may have been absorbed through 
the cracks described above into these interior hollows. At all events, 
no traces appear on the surface of our satellite of further movement 
or change, whether external or internal, since the incalculably re- 
mote epoch when she assumed her present form and features. In 
this belief we may address her as Byron addressed the ocean— 


Time writes no wrinkles on thy ‘silver’ brow; 
Such as Creation’s dawn beheld, thou rollest now. 
G. Pouterr Scop. 


II].—Tuxr Puritosopuy or Evonvtion.? 


INCE 1859, when the Origin of Species appeared, the doctrine of 
Evolution has permeated into almost every department of human 
knowledge; changing the ways of thought of the world. Like a 


1 A very simple experiment will illustrate to seme extent the process to which I 
ascribe the formation of the lunar craters. If powdered Parian cement or plaster of 
Paris, mixed with water, of the depth of about half an inch, be placed in a common 
frying-pan on a hot stove, large bubbles will rise upon its surface, and in a short time 
several vent-holes will establish themselves, by which the steam generated throughout 
the mass will escape with some violence; the lateral expansion of the escaping vapour 
forcing up the half-liquid matter into a circular wall round each vent. Soon the 
number of vents increases, the whole surface being covered with them. But the first 
formed are the largest, those later formed diminishing in size, and no two disturbing 
or interfering with one another. As the plaster dries and hardens, cracks establish 
themselves. And in the end the crowd of small craters, unequal in size, and not 
interfering with each other, produces a surface bearing a striking resemblance to 
portions of the moon's face. If such a surface were supposed to be pressed down- 
wards upon a still liquid substratum, so as to force up some of this through the 
open vent-holes and cracks, to flood the surface more or less, and consolidate there 
under the same circumstances as the original matter, the resemblance would be still 
closer, leading to the belief that the moon’s surface owes its characteristic features to 
some similarly rapid ebullition of a quickly-hardening semi-liquid matter. 

2 The Philosophy of Evolution (an Actonian Prize Essay). By B. Tompson 
Lownge, M.R.C.8., F.L.S. 8vo. pp. 189. (London; Van Voorst.) 
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clansman’s Fiery Cross, it has been passed from Natural History to 
Physics, from Physics to Morals, to Language, to Intellect, and for 
some time it has claimed to throw light on the religions of the world, 
and to be the key to the tangled mysteries of Theology. It is 
natural, therefore, both that the world should be judged ripe for an 
essay on the Philosophy of Evolution, and that the author should 
attempt the more than Herculean task of showing, by help of some 
department of science, how illustrative it is of the wisdom and _bene- 
ficence of the Almighty. Of course there are those who think that 
the attributes of the Infinite are neither amenable to human criti- 
cism, or in need of friendly essays “‘in such departments of science 
as the Committee of the Royal Institution” think fit, that “its 
excellence may be known in all the earth.” The author is not as 
one of these. Prizes of a thousand guineas enabled Buckland, 
Whewell, and the best philosophers of the Bridgwater School, to 
show with splendid eloquence that the sciences which they adorned 
were in harmony, not only with the wisdom and beneficence of the 
Almighty, but also with the revealed doctrine of Creation. Yet 
such are the laws of supply and demand that now, for exactly one- 
tenth of the sum which those men received, authors, wanting in 
neither knowledge nor writing power, come forward to show that 
not in Creation but in Evolution is the wisdom and goodness of the 
Creator. We do not quarrel with the later author for his under- 
taking, for we cannot but rank his work among those minor miracles 
with which the system of writing for prizes rather than with the 
selfless enthusiasm of science, may exemplify the processes of man’s 
evolution. Method of treatment may ennoble the most cantankerous 
subject; but the author’s position towards his reader is almost 
unique. In the preface we learn that ‘“‘he does not expect to con- 
vert any to a belief in Evolution,” but only aims at furnishing 
reasons for accepting that hypothesis to those who, having read 
Darwin. Spencer, and others, accept the doctrine as established. This 
description we can only apply to those who gather fashionable beliefs 
out of circulating libraries, and lack time or ability to possess them- 
selves of an author’s arguments. ‘To such readers the book is to be 
commended, if, indeed, they find they need it; for it contains a good 
summary of the teachings of “ Darwin, Spencer, and others,” though 
even the others are innocent of many of the hypotheses with which 
the author strives to state the great hypothesis of Hvolution, in its 
bearings on Natural History. The book claims, however, to do this 
from ‘the point of view of a physiologist as well as of a naturalist,” 
as though physiology were not the basis of Natural History ; but we 
discover no physiological acumen, or more than ordinary power of 
suction from the usual sources of information. We are far from 
denying that the work has merits, and had it been printed with a 
less exalted title, and free from theological ornament and loose 
speculation, it might have had claim to the kindly consideration of 
the general reader; but as the philosophy of Evolution, it fails in 
never rising to a Kosmic conception of the subject, and therefore 
leaves Evolution, not a philosophy, but an hypothesis. : 
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Those who like their science and religion mixed will be grateful 
for a book in which a little Theology is given, but the mixture is 
very incomplete, hardly penetrating beyond the opening and the 
end chapters; and so little is said of the Divine beneficence and 
wisdom, that no help—new or old—is given to those who endeavour 
to see it in the fratricidal struggle for existence. To attempt this 
task and the like, and yet to shrink from grappling with the logical 
difficulties in the path, will not soothe the troubles which may afflict 
the mind when matters of belief are mixed indifferently with matters 
of argument. And although by the terms of the bequest of which 
this book is a fruit, the task may be attempted only every seven 
years, we trust that the wisdom and goodness of the Almighty may 
another time be the pervading theme, or else that science may hold 
a place that will make it clear that the scientific and theological 
methods are not one and the same. H.G.S. 
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GronocicaL Society or Lonpon.— March 25th, 1874.—John 
Evans, Esq., F.R.S., President, in the Chair. The following com- 
munications were read :— 

1. “On the Upper Coal-Formation of Eastern Nova Scotia and 
Prince Edward Island, in its relation to the Permian.” By Principal 
Dawson, LL.D., F.R.8., F.G.S. 

The author described the Carboniferous district of Pictou county 
as showing the whole thickness of the Carboniferous system arranged 
in three synclinals, the easternmost consisting of the Lower series 
up to the Middle Coal-formation, and including all the known work- 
able Coal-measures in the district,—the second towards the west of 
the middle and the lower part of the Upper Coal-formation,—and 
the third showing in its centre the newest beds of the latter. On 
the north the bounding anticlinal of the first depression brings up 
the New-Glasgow Conglomerate, which contains boulders 3 feet in 
diameter, often belonging to Lower Carboniferous rocks, and repre- 
sents the upper part of the Millstone-grit or the lower part of the 
Middle Coal-formation. The author regards this as representing an 
immense bar or beach, which protected the swamps in which the 
Pictou main coal was formed. 

The succession of the deposits above the Conglomerate was 
described in some detail as seen in natural sections. The Upper 
Coal-formation, as shown in the section west of Carribou Harbour, 
consists of, 1. Red and grey shales, and grey, red, and brown sand- 
stones ; and 2. Shales, generally of a deep red colour, alternating 
with grey, red, and brown sandstones, the red beds becoming more 
prevalent in the upper part of the section. In Prince Edward Island 
beds apparently corresponding to these are found, and also gradually 
become more red in ascending. These are overlain, apparently con- 
formably, by the Trias. 
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The author gave a tabular list of 47 species of plants found in the 
Upper Coal-formation of Nova Scotia and Prince Edward Island, 
and stated that all but about ten of these occur also in the Middle 
Coal-formation. The number of species decreases rapidly towards 
the upper part of the formation; and this is especially the case in 
Prince Edward Island, some of the beds in which are considered by 
the author to be newer than any of those in Nova Scotia. The 
plants contained in the upper deposits were compared with those of 
the European Permian, and a correlation was shown to exist be- 
tween them, so that it becomes a question whether this series was 
not synchronous with the lower part of the Permian of Hurope, 
although in this district there is no stratigraphical break to establish 
a boundary between Carboniferous and Permian. The author there- 
fore proposes to name these beds Permo-Carboniferous, and regards 
them as to some extent bridging over the gap which in Hastern 
America separates the Carboniferous from the Trias. 


Discussion.—Prof. Ramsay agreed with the author in thinking that these Upper 
Carboniferous rocks represented the Permian, and that there is a gradual passage 
from the Carboniferous to the Permian. In North Staffordshire there is some 
evidence of this passage, but not in other parts of England. Mr. Binney had argued 
that the Permian is the uppermost part of the Carboniferous series; but this is not 
true in the English area, although it is true if we consider the globe in general. 
The Coal-measures are grey, black, and blue; but in the upper portion they change 
to a red tint. During the Coal period we have evidence of estuarine conditions, but 
subsequently the access of the sea was cut off, and the Permian rocks were formed in 
vast inland lakes, 


. Prof. Hughes remarked that the group referred to by Principal Dawson under 
the head of Permo-Carboniferous could not be considered as in any way proving a 
passage from Carboniferous to Permian, seeing that the Permian was altogether 
wanting in Eastern America, unless the fossils approached those of undoubted Permian 
in Europe. But he pointed out that many large portions of the so-called Permian of 
Europe had been already proved to be only stained Carboniferous. The fossil lists 
were founded on a wrong classification of the rocks, which had not. yet been set right. 
Believing, therefore, that the Permian system must be broken up and part given back 
to the Lower New Red and Magnesian Limestone series, previously so well 
established, and part to the Upper Carboniferous, he was inclined to refer the Permo- 
Carboniferous of Principal Dawson to the latter, the difference in the plants being 
only such as might reasonably be expected between the newer and older portions of a 
series representing immense lapse of time and changing conditions. Principal Dawson 
had shown that the beds in question were similar in almost all but colour, and con- 
formable to the underlying undoubted Carboniferous. If, therefore, they were higher 
than any Carboniferous beds of England, they must be synchronous with the lower 
part of the unrepresented time between the Carboniferous and so-called Permian ; 
but being more closely connected with the lower rocks, he saw no necessity in the 
present state of our knowledge for such a term as Permo-Carboniferous. 


Prof. Ramsay could not agree with Prof. Hughes in his opinion as to the value of 
the term Permian. The staiming of rocks occurs in two ways, namely, by infiltration 
from above through overlying beds, and by direct deposition. Silurian rocks are 
often stained in the former manner. 


The President remarked that this paper had given rise to an interesting discussion. 
The fact of two deposits being conformable in one place and unconformable in 
another, does not necessarily convert them into one system. He thought there were 
symptoms that the Permian would eventually be reckoned Upper Carboniferous. 
He believed that there was a third mode in which rocks were stained, namely, by 
the oxidation of iron already existing in the beds. 


2. “ Note on the Carboniferous Conglomerates of the Hastern Part 
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of the Basin of the Eden.” By J. G. Goodchild, Esq. Communi- 
cated, by permission of the Director-General of the Geological Survey 
of the United Kingdom, by H. W. Bristow, Esq., F.RB.S., F.G.S. 


The author commenced by describing in detail the series of beds 
between the true Basement series of the Carboniferous and the 
Mountain Limestone as shown in sections at Ash Fell. The general 
sequence in descending order is as follows :— 

a. Carboniferous Limestone, with a few thin beds of stained sand- 

stone and shale; thickness not less than 1000 feet ; 

b. Obliquely laminated soft, red sandstones, with coal-measure 
plants, frequently conglomeratic, alternating with fossiliferous 
shales and beds of limestone; thickness about 500 feet ; 

¢. Limestone, 500 or 600 feet thick, passing down into 


d. Shales with thin impure limestones, passing down through 
calcareous conglomeratic beds into a series of apple-green quartz 
conglomerates and chocolate and grey shales, succeeded without 
any clear line of separation by the drift-like red conglomerates, 
sandstones and shales forming the lower part of the Carboni- 
ferous Basement beds, which has been regarded as the equiva- 
lent of the Upper Old Red elsewhere. 

The author described the mode of occurrence of these deposits in 
various parts of the district under consideration, and the disturbances 
which have affected their surface distribution. Along the Cross Fell 
escarpment a group of sandstones and conglomerates occupies an 
exceedingly prominent position, especially at and near Roman Fell, 
whence the author proposes to call these deposits the Roman Fell 
beds. These beds represent the series b, and also the lower part 
of a, at Ash Fell. Following their outcrop towards Cumberland, 
the conglomeratic beds from the middle downwards increase much in 
thickness and become much coarser. The author regards the Roman 
Fell beds as approximately on the horizon of the Calciferous Sand- 
stone series of the south of Scotland, and he remarks that they are 
locally undistinguishable from much of the Basement series, and 
have been described by authors as undoubted Old Red Sandstone. 


Discusston.—Prof. Hughes confirmed the observations of Mr. Goodchild, and 
showed their importance as bearing upon inquiries into the changes of the land which 
furnished, and of the currents which arranged the materials of the beds described. 

Prof. Ramsay remarked that the author was entitled to much praise for the manner 
in which he had worked out the minor details of the Carboniferous system. The 
Cross Fell had been called Old Red Sandstone ; it is now placed in the Lower Car- 
boniferous, but no distinct line of demarcation can be determined. Prof. Ramsay 
remarked on the distribution of deposits of the Carboniferous series in Britain, and 
referred especially to the Carboniferous limestone. In the south of Pembroke and 
Glamorganshire this formation is 2500 or 3000 feet thick ; in the Devonshire area 
100 feet, and in the north of Glamorganshire 500-600 feet represent the whole of 
the Mountain Limestone ; in Coalbrook Dale, again, its thickness is only about 100 
feet, in North Wales 800 feet, in Anglesea 500 feet. In advancing towards Palzo- 
zoic districts, where old land existed, the Jimestone becomes thin, whilst it becomes 
thick in the deep-water areas, —in Derbyshire 3000-4000 feet, falling off to less than 
1000 feet in Cumberland, where it is split up by sandstones; and this is still more 
strikingly the case in Scotland, where 100 feet of limestone is a rarity. He thought 
‘the existence of Coral Reefs in the Mountain Limestone doubtful. 
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Mr. Tiddeman remarked that the Mountain Limestone was 3000 or 4000 feet thick 
in the Lake-district, and in the Pennine Chain, at a distance of 15 miles, only 600 ft. 

3. “An Account of a Well-section in the Chalk at the North End 
of Driffield, Hast Yorkshire,” By R. Mortimer, Esq. Communicated 
by W. Whitaker, Esq., F.G.S. 


In this paper, which was in continuation of a former communica- 
tion to the Society (Q. J. G. 8. vol. xxix. p. 417), the author stated 
that the well-section referred to passed through 7 feet of clay and 
47 feet of chalk, the upper 3 or 4 feet of the latter very rubbly and 
broken. The chalk was bedded in lamine of from 7% in. to 16 in. 
thick. From a depth of 20 feet downwards the well exposed many 
nearly vertical partings running in all directions through the Chalk, 
and the surfaces of the blocks thus marked out showed numerous 
strize, such as were described in the author’s former paper. These 
strize were in most cases horizontal, but some surfaces showed them 
at an angle of 45° to the horizon. The lamine of which the chalk 
was composed were separated by layers of a softer substance like 
Fuller’s earth, containing 1-67 per cent. of organic matter, 7-05 per 
cent. of oxide of iron, 10:23 per cent. of alumina, and 34:80 per cent. 
of silica. The author regards this soft substance as formed by the 
disintegration of chalk, shells, etc., caused probably by the periodical 
prevalence of great waves or other disturbances in the Cretaceons 
sea. ‘The effect of its formation he considers would be to check the 
upward growth of the mass of chalk, which he now, as formerly, 
ascribes to the direct secreting action of numerous zoophytes. In 
support of this view he states that the surfaces of the chalk laminze 
are more or less irregular, and not even as if produced by quiet 
sedimentary deposition. The paper contained detailed analyses of 
the chalk and of the soft partings. 


Discussion.—Prof. Hughes thought that the origin of the particular structure 
referred to by Mr. Mortimer was a question for mineralogists and chemists, though 
somewhat similar forms might be produced mechanically. He pointed out that its 
occasional occurrence along fissures not in the line of bedding was quite conclusive 
against its being in any way referable to the period of original deposition. As to the 
more clayey bands, he considered the Chalk, though often composed in a great 
measure of comminuted organisms, to be all sedimentary, and had therefore no diffi- 
culty in explaining how more clayey matter might accumulate over various areas at 
different times. 

Mr. Wiltshire mentioned that argillaceous bands extending over wide areas are to 
be observed in the Chalk. 

Mr. Whitaker stated that clay bands occur near Beachy Head. He considered 
that the argillaceous bands are not seen in hard chalk. The analyses given by the 
author were of much value. 

Mr. Charlesworth remarked that the Yorkshire Chalk presents exceptional charac- 
ters. The sponges found fossilized in it are silicified throughout, but the silica is 
eonfined to the sponges, and does not invest them. 

Mr. Koch stated that near Nice the Dolomitic Limestone sometimes exhibits a 
structure similar to that described in the paper, and that when this structure occurs, 
minute crystals can be detected in the mass. 


4. “On Slickensides or Rock-striations, particularly those of the 
Chalk.” By Dr. Ogier Ward. Communicated by Prof. Morris, F.G.S. 


The author referred to previous communications on this subject, 
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and maintained that the striz observed in chalk are to be regarded 
as slickensides caused by disturbance and movement of the rock. 
He described the appearances in detail, and mentioned the occurrence 
of similar striations in various rocks. 

Discussion.—Mr. Whitaker said that some of the specimens on the table sent by 
Dr. Ward showed slickensides, but that in certain cases the fibrous structure runs 
through the whole substance. 

Mr. W. T. Blanford stated that he had seen a similar structure in an undisturbed 
white clay resembling pipeclay, so that he thought the appearance could not be pro- 
duced by motion. 

The President remarked that the structures brought forward appeared to be of two 
kinds : first, slickensides pure and simple; and secondly, fibrous structure, the latter 
probably due to chemical action, either by an incipient formation of aragonite, or by 
the formation of that mineral and its subsequent partial decomposition. 


CORRmHS PON DENG 


———— 


ON THE CHESIL BANK. 


Sir,—I am glad of the opportunity, given by Mr. Kinahan’s question, 
to explain what I mean by a “drowned valley.” I apply this term 
to an inlet of the sea, which occupies a valley originally subaerial, 
and excavated by subaerial causes, but into which the sea has sub- 
sequently run, owing either to a subsidence of the land, or, if such 
a thing be admitted as possible, by a raising of the level of the ocean 
at the locality. There are many causes which, to my mind, seem to 
point to the latter as having really happened. 

In many parts of the English coast old cliffs may often be traced 
where high ground meets alluvial tracts of salt marsh. I believe 
them to have been formed during the period of the formation of the 
Scrobicularia Clays which overlie the submerged forests. These cliffs 
do not indicate the mode of formation of the bays, which have since 
become alluvial tracts, but are merely traces of their slight enlarge- 
ment after the sea had gained access to their areas. 

The order of events has been :—1. Excavation of the valleys by 
subaerial causes. 2. Growth of forests now submerged. 8. Depres- 
sion; and formation of Scrobicularia Clays and low cliffs—probably 
the period of the 30 feet raised beaches. 4. Slight re-elevation, and 
silting up of some of the estuaries (not of all), bringing them into 
their present condition. 

The reason why I affirm that there were never marginal cliffs to 
the Fleet is, because I have seen no vestiges of them. The gently 
undulating surface of the ground declines gradually to the water’s 
edge; and I have collected fossils from the outcrop of the beds at 
the edge of the Fleet, where, if there had been formerly cliffs, we 
ought now to find tumbled talus. Mrs. Bristow’s characteristic 
sketch, in Vol. VI. of the Macazrng, gives an exceedingly good idea. 
of the ground, it being premised that all shown is upland. There is no 
alluvial ground shown in it. The only alluvial tract is a small part at 
the extreme head of the estuary, which in the sketch is hidden by a 
projecting mound. Referring to the questions opened by Colonel 
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Greenwood and Mr. Kinahan with regard to the transportation of 
the pebbles which form this beach: Colonel Greenwood, if I under- 
stand him rightly, considers the pebbles to travel along the beach, 
being moved onwards by waves under the influence of the wind, and 
consequently on the average travelling in the direction of the prevail- 
ing wind. Ihave, I am afraid to say how long ago, noticed this action 
on the Chesil Beach. J have seen the waves rolling in from the Atlantic 
(for we are not here in the presence of narrow seas, as Mr. Kinahan 
appears to think) take up the pebbles from one spot, and dash them 
down again some little distance to the leeward. They no doubt 
travel along the Beach under this action. But does it follow that 
that is how they came there? I say, no. If it were, how could the 
larger stones be at the end most distant from the main land ? 


Some of the most violent storms on this coast come somewhat 
from the south of south-west, so that their action is, I suspect, rather 
to carry the pebbles by wave-action towards the north-west end of 
the Beach, and probably their attrition, as they move onwards, partly 


accounts for their gradual decrease in size as we follow them in that 
direction. 


Among the pebbles are a few, chiefly at the southern end, from 
Portland; but the larger proportion consists of Chert from the Upper 
Greensand of the west of Dorset and of Devon, and of other pebbles, 
which appear to be derived from the Trias of the same district. This 
shows that they have come across the west bay. Sir Charles Lyell 
explains the case thus:! ‘The force of the sea increases southwards, 
and as the direction of the bank is from north-west to south-east, the 
size of the masses coming from the westward, and thrown ashore, 
must always be largest where the motion of the waves and currents 
is most violent.” It seems then that the currents must store up an 
accumulation of pebbles beneath the bay, within reach of the shore, 
which, on occasions of unusual wave-action, are cast up in masses 
upon the beach. 


O. FisHEr. 


WHY ARE THE LARGEST STONES FOUND AT THE EAST END OF 
THE CHESIL BANK? 


Srr,—It has puzzled many observers to find that, contrary to 
expectation, the largest shingle is at the east end of the Chesil Bank, 
though it is well ascertained that the whole mass of pebbles have 
travelled from the westward—the usual inference being that the 
further the pebbles have travelled the smaller they become. 


As bearing on the mechanical problems involved in this striking 
phenomenon of nature—which, seen in its whole extent from an 
elevation, resembles nothing so much as a large railway embank- 
ment—the fact is extremely interesting, and admits to my mind of 
a very simple explanation; for the individual stones merely follow 
the law applying to the whole bank, which increases in height and 


1 Principles, vol. i. p. 589. 1872. 
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sectional area as is it approaches Portland. It is evident that the 
force of the insetting tidal current, assisted by the prevailing wind, 
must increase in angular intensity as it approaches and is deflected 
from the hollow of the bend of the bank produced by the pro- 
montory of Portland. At this point also will the wind waves have 
the greatest power. It is also easy to understand that the amount of 
material cast up above high water will vary as the energy of wave 
action varies, and consequently the largest stones will be thrown up 
at the point of intensest action. As the shingle of all sizes travels 
eastward along the beach the smaller stones are cast up first, the 
larger ones being weightier have less lateral upshore movement, and 
so travel further. In fact I conceive the phenomenon must neces- 
sarily follow from the application of the known mechanical law of 
the inclined plane—the greater weights travelling up a more ex- 
tended and therefore lesser gradient, until they come within the 
range of waves sufliciently powerful to cast them upon the bank 
itself. 

It is quite clear to me that the whole bank is the result of causes 
now at work, and which have continued with remarkable uniformity 
since the last relative change of level of land and sea. With Mr. 
Fisher I agree that the irregular shingle-banks and inclosed lagoons 
on the coast of Ireland, mentioned by Mr. Kinahan, are not at all 
parallel phenomena. 


Hezatu Hovusr, BLunDELLSANDS, T. Mextarp Reanpg, C.E. 
LivERPOOL, April 7th, 1874. 


HYBODUS, A COAL-MEASURE FISH. 


Srr,—While examining a work by Pictet this morning, entitled 
«“Traité de Paléontologie,” I stumbled upon the following remarks 
in the second volume, p. 256; he is speaking of Hybodus: ‘“ Beau- 
coup d’autres sont connues seulement par leurs dents. Deux espéces 
sont citées dans les terrains carboniféres. Ce sont les Hybodus car- 
bonarius et vicinalis, Giebel de Wettin.” : 

His authority for this statement is Gicbel, in his work on the 
“Mauna der Vorwelt.”” I was much surprised, and yet gratified, to 
find that my opinion of Hybodus being a Coal-measure Fish, arrived 
at quite independently, should be corroborated by so eminent a 
paleontologist. Of course my statement that Hybodus had never been 
described previously to my paper as a Coal-measure Fish is erroneous; 
but considering that Agassiz, Owen, Huxley, Pander, Munster, 
M‘Coy, Newberry, etc., etc., do not refer to the work, nor to the fact 
in any way, I consider myself quite justified in making it. However, 
Giebel and I have arrived, quite independently, at the conclusion that 
the teeth of Hybodus are to be obtained in the Coal-measures, and 
we coincided so far that, in a list of Palesozoic Fishes I am preparing, 
T had actually named our English Coal-measure Hybodus, H. carbon- 
arius. This name, however, I must withdraw, if my species does 
not resemble his; but, unfortunately, I have not any means of com- 
paring their characteristics: for Giebel’s work is not among the 
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geological books I have access to; so the specific name of the Hybo- 
dus from our Carboniferous formations must for the present be in 
abeyance. 


NEWCASTLE-ON-TYNE, W.. J. BarKas, L.R.C.P.L. 
April 24th, 1874. 


MAGISTER SCHMIDT ON THE SHIELDS OF PTERASPIS AND 
SCAPHASPIS} 


Srr,—I have just received, by the kindness of Herr Magister 
Schmidt, a paper by him entitled, ‘‘On Pteraspids in general, and on 
Pteraspis Knerit in particular,” which, I dare say, may come to the 
notice of some of your readers. Herr Schmidt reiterates the view 
which I have previously discussed as to the nature of the shields for 
which I proposed the genus Scaphaspis. Let me again say here that 
no evidence whatever is adduced by Herr Schmidt in support of the 
notion that Scaphaspis is the ventral shield of Pteraspis and Cyath- 
aspis. ‘That such a connexion is a possibility, I do not mean to deny ; 
but with a very much larger number of specimens to study than 
Schmidt or Kunth have had, and with the same hypothesis present 
in my mind, I have been unable to find justification for its adoption. 

With regard to the Galician Pteraspis, I have already stated in the 
GEOLOGICAL MaGazinu,’ after examining specimens from this locality 
in Vienna, I was led to doubt the specific distinctness of the Pt. 
Knerii. 'The Viennese specimens come very close indeed to Péeraspis 
rostratus and Scaphaspis Lloydii. The specimen of a disc now figured 
by Schmidt comes so close to that of Pt. Crouchii that it must prob- 
ably be assigned to that species. Magister Schmidt is mistaken in 
assuming an exclusive association of Pt. rostratus with Se. rectus. 
On this matter I should be glad if some of my friends at Ludlow 
and elsewhere in the Cornstone area would give their experience. 

The asserted presence of bone-lacunze in the Heterostraci certainly ~ 
cannot be accepted on such evidence as that which Herr Schmidt 
adduces. Hither his sections do not show definite bone-lacune or 
they have been very inadequately lithographed. 

Napizs, April 25th. HK. Ray LAnkKester. 


1 For Magister Schmidt’s letters see Grou. Mac. 1873, Vol. X. pp. 152 and 330- 
2 For Mr. Lankester’s reply see op. cit. Vol. X. pp. 190 and 478. 
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J.—On tHe Dawn ann DervetopmMEentT oF Lirr on THE Warts. 
By Henry Woopwarp, F.R.S., F.G.S., of the British Museum. 


\ ies ‘The Hast,’ that wonderful cradle of the human race, towards 

whose sunrise we turn to find the dawn at once of Civilization 
and Romance, Nature exhibits herself in all the exuberance of her 
vitality, both of plant and animal. The summer and the rainy 
season unite, with no intervening period of spring and autumn. 
Seasons, like days, spring suddenly into full-blown development. 
Night is succeeded by day without dawn, and day by night without 
the lingering hues of eve. 

What wonder, then, that our ideas of Creation, derived as they 
undoubtedly were from Oriental tradition, should take the form of 
the opening of subtropical life rather than of our more graduated 
temperate zone; or that we should read of man and all animate 
creation springing suddenly into being from the rainy waste of 
chaos, each and all fully developed, as we behold them to-day ! 

“Nothing was in being,” say the old men of an Indian tribe. 
“ All was null and void; there was no sky, no earth, no sea, no 
shore ; suddenly seven warriors found themselves seated on the edge 
of a lake, smoking the calumet of peace, and their wives were already 
working in the wigwanis.” 

No legend can more vividly bring before us the notion that man 
has passed his infancy as if in a dream. 

If for a moment we recall our own early recollections, we shall 
generally find they carry us back to some event, or place, or person, 
which: filled our dawning intelligence, to the exclusion of all else, 
and beyond which we are unable to peer through the mist. 

Turning from the consideration of our own impressions,—which, 
after the minutest self-investigation, would, unassisted by the guid- 
ance of friends older than ourselves, simply land us at the same 
conclusion arrived at by Topsy—‘spect I growed,”’—let us learn 
how far History traces back the ancestry of our race and the changes 
of the world we dwell in. Alas! written documents do not carry 
us back more than thirty or forty centuries, whilst the most ancient 
remains of edifices, built at any previous epoch, which also may be 
called “archives of stone,” date back perhaps 2000 years earlier; 


‘ Being the substance of a lecture delivered before the Bradford Philosophical 
Society, March 5th, 1873, and elsewhere. 
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but far beyond this short historic period, which scarcely comprises 
the lapse of one hundred and fifty generations, extends a space of 
time, certainly far longer, known to us only by pure tradition. 
Mankind, already arising from its infancy to a more enlarged self- 
consciousness, had begun to link age to age by legends, poems, and 
symbolic formula. The reminiscences of great events, migrations, 
wars of races, alliances, exterminations, and triumphs of industry, 
were incorporated into religion itself, and in an increasingly varied 
form were handed down from age to age as the heritage of nations." 

In still more ancient times, in the dim mist of bygone ages, our 
ancestors lived the life of wild beasts in forests and caves. 

Tradition, no less than history, is dumb as to this epoch of the 
human race ; but by the labours of the geologist, we are beginning to 
learn somewhat concerning the habits and customs of these earliest 
ancestors of ours so long unknown to us. 

If then History and Tradition cannot relate these earlier chapters 
in the infancy of mankind, but, like the efforts to recall the events 
of our childhood, are arrested by want of memory from telling us 
more, how powerless are they to inform us of those long lapses of 
ages when the lower animals already peopled this earth of ours— 
animals whose life-history probably extended over tens of thousands 
of generations before Man, the proud ruler of the Harth, appeared 
upon the scene of his conquests ! 

How then can we ever hope successfully to trace the dawn of life 
upwards to its source through that long vista of ages comprised in 
the life of our planet, in comparison to which man’s whole existence 
is but as a thing of yesterday ? Truly the accomplishment of such 
a task seems at first sight far more remote in prospect than the dis- 
covery of the sources of the Nile. 

What records can we search? What monuments explore? Has 
earth no sepulchre for the mighty save those erected by man to com- 
memorate his short-lived fellows? Not so; every quarry by the 
road-side, every chalk-pit and brick-field are but so many mausolea, 
in which repose the hosts of living beings which peopled earth, air, 
or sea, in the old time, and, like the piled-up coffins in some ancient 
cemetery, they rise one upon another until they culminate in the 
snow-capped peaks of the Himalayas and the Andes, beside which 
_ the proud pyramid of Cheops seems but as a mole-hill. 

Let us pry into this mighty charnel-house of Harth’s great family, 
and strive, by the light which science lends us, to decipher some of 
the hieroglyphics, which tell to those who can read them aright 
the life-history of our globe. And here a wonderful historical 
parallelism presents itself to our minds between the early records 
of mankind and those of the earth’s life-history; for just as the 
comparative labour of the paleographer increases the farther he 
carries his researches back into the remote past, encountering in 
turn Roman, Greek, Etruscan, Phoenician, Egyptian, and Assyrian 
characters, so in like manner the paleontologist passes gradually 
from the consideration of forms differing but little, if at all, from 


1 Reclus: English edition, edited by H. Woodward. “The Ocean, Atmosphere, and 
Life,’ Section 11. page 190. 
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those living around him to-day, until he finds himself surrounded by 
a fauna and a flora, which, though broadly related to our own, yet 
differs so much in every detail that he fails at once to perceive that 
it has anything in common with that now existing. Yet comparative 
anatomy and comparative botany teach us that all the types of past 
life—like the early alphabets. and symbols invented by mankind— 
can be brought into accord and correlated with existing types, and 
that in each case one system of classification is capable of embracing 
the whole. 

In order rightly to understand the records of Earth’s monuments, 
we must, in the first place, call in the geologist to explain to us 
such physical facts as are needful for us to become acquainted with 
before attempting to read its organic remains aright, each one of 
which may be looked upon as a hieroglyphic symbol which the 
paleontologist aims at deciphering. 

From the geologist we learn that the great storehouses wherein 
the life-relics of the earth’s past inhabitants lie embalmed are the 
sedimentary rocks. He tells us that these have resulted from 
the wear and tear carried on by meteoric agents of all those 
portions of the earth’s surface elevated above the general ocean of the 
globe. We thus learn, that from the very beginning of life on the 
earth there must have been areas of depression and areas of eleva- 
tion on our planet; the former occupied by the waters of the ocean, 
and the latter forming continents and islands exposed to all the 
influences of sun and wind, frost, snow and ice, raim and rivers, 
without which no sedimentary deposits could have: been formed. 
We learn, moreover, from an inspection of the organic remains them- 
selves, preserved in the various rocks, that there were in former 
ages terrestrial plants and animals as well as fresh-water and marine 
forms of life, although the evidences of the last-named types are 
by far the most abundant. 

Thus in the ancient submerged Forest-bed on the Norfolk Coast, 
in the Brick-earths of Ilford and Grays, in the Valley of the Thames, 
and in the London Clay, we have abundant evidence of old land 
conditions, the first being preserved as a land-deposit, the second as 
a fluviatile one “ almosé in siti,” the last named being an estuarine 
or near-shore deposit, formed at the embouchure of some large 
river, probably flowing, as the Nile does at the present day, from 
near the Equator in a north-easterly direction, watering a continent 
once occupying a part at least of the present site of the Atlantic, 
and perhaps embracing within its extent the Cape de Verdes, the 
Canaries and Azores, all of which are volcanic, and mark an area of 
disturbance and oscillation of level which may have been more than 
once elevated and again submerged in very modern times. 

But although, as already stated, these later sedimentary deposits 
afford remains of animals and plants, which, with few exceptions, 
differ but little from those of the present day, yet it must be borne 
in mind that their geographical distribution has been greatly 
modified. For instance, referring back to the Norfolk Forest-bed 
and the Brick-earth of the Thames Valley, we find abundant 


292 Henry Woodward—Dawn of Life on the Earth. 


evidence in the remains of Elephants, Rhinoceroses, Hippopotami, &c., 
that the Hastern Counties were stocked with herds of quite another 
order from those which now occupy our pastures. 

Again, in the Suffolk and Antwerp Crag are preserved immense 
stores of the bones of Whales and other Cetaceans, also remains of the 
huge Dinotherium, with Tapirs and other land quadrupeds; whilst in 
the London Clay we have relies of abundant subtropical vegetation, 
evidenced by Palm-wood and fruits, with remains of numerous 
extinct genera of animals, such as the Palgotherium, Anoplotherium, 
and Xiphodon, allied to the Tapir, Horse, Hyrax, &c., with many 
birds, including a large Struthious bird of the size of the living 
Ostrich (Dasornis Londiniensis), and an aquatic bird with dentigerous 
mandibles, the Odontopteryx toliapicus; whilst the shores of the estuary 
and sea into which these remains of terrestrial life were carried 
was the home of Crocodilia, Chelonie, and Sharks ; with a Molluscan 
Fauna rich in Volutes and other sea-snails, and teeming with Nautili, 
Squids, and Cuttle-fishes, like the warmer subtropical seas of the 
present day. 

We have in the Hocene series in this country only a trace of the 
great Nummulitic formation which plays a far more conspicuous 
part than any other Tertiary rock in the solid framework of the 
earth’s crust. On the Continent it becomes a great limestone for- 
mation, and attains a thickness of many thousand feet, rising in the 
Swiss Alps to a height of 10,000 feet above the sea. It occurs also 
in the Pyrenees, and extends from the Alps to the Carpathians, and 
is in full force in the North of Africa, as, for example, in Algeria 
and Morocco. In Egypt, the quarries in this rock near Cairo 
furnished the Pharoahs with building-stone for the Pyramids.’ It 
extends into Asia, and across Persia, by Bagdad, to the mouths of 
the Indus. It occurs in Cutch, and in the mountain ranges which 
separate Scinde from Persia,*and forms the passes leading to Caboul. 
In Thibet it has been found at an elevation of 16,500 feet above the 
sea, and it has been followed as far as Eastern Bengal and the 
frontiers of China. 

These vast masses of strata have resulted almost wholly from the 
accumulation of the shells of Foraminifera, one of the lowest forms 
of animal life belonging to the Prorozoa, and to the same class as 
the Hozoon Canadense, to be alluded to presently. 

Beneath these Tertiary beds, which partake most largely of the 
forms of life we see around us to-day, we come upon a series of 
strata known as the Cretaceous series, the thickest bed of which is 
the Chalk, which at some places attains a depth of more than a 
thousand feet, and covers an area as great as that of Europe.? 


1 Herodotus mistook the Nummulites in the limestone of the Pyramids for Beans. 
See also Exodus vy. 12. 

2 A gigantic oval Nummulite (as large as a hen’s egg), named Loftusia Persica 
by Messrs. Carpenter and Brady, was obtained in abundance by W. K. Loftus, Esq., 
in 1849-52 (during the progress of the commission appointed to demark the Turko- 
Persian Frontier), at Kellapstun Pass near Da Pailun Bakhtiyari Mountains, Persia. 
—Phil. Trans. 1869, p. 739, pl. 77-80. 

3 In the youngest ‘bed, the Macsiniclit-elale} we find the Mosasaurus, a great lizard, 
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From certain prevalent organisms found in it, such as shells of 
Oysters, Ammonites, Nautili, Starfishes, and Echinoderms, bones and 
teeth of fishes, geologists rightly conclude it to be a truly marine 
deposit. 

But of what is the great bulk composed? Is it merely a finely 
comminuted white mud?—for such it seems to be to the unassisted 
eye. No; when washed and examined beneath the microscope, we 
find it to consist almost wholly of two distinct minute organisms. 

The general mass of it is made up: of very minute granules ; but 
imbedded in this matrix are innumerable bodies, some smaller, some 
larger, but on a rough average not more than a hundredth of an inch 
in diameter, having a well-defined shape and structure. A cubic 
inch of some specimens of chalk may contain hundreds of thousands 
of these bodies, compacted together with incalculable millions of the 
granules. 

The larger bodies when separated prove to be each one a beauti- 
fully constructed calcareous fabric made up of a number of chambers, 
communicating freely with one another. The commonest of these is 
called Globigerina, and sometimes seems to compose nearly the 
entire mass of the chalk. 

In the soundings carried out by Captain Dayman, R.N., in con- 
nexion with the laying of the submarine cable between Ireland and 
Newfoundland, it was ascertained that almost the whole floor of the 
great central plain of the Atlantic, more than 1000 miles across from 
east to west, and which extends for many hundred miles in a‘north 
and south direction, is covered (at a depth of 1700 fathoms) by fine 
mud, which, when brought to the surface, dries into a greyish-white 
friable substance resembling soft grey chalk. When examined under 
the microscope, it proves to be composed of innumerable Globigerine 
(together with Diatoms) imbedded in a granular matrix. 

Thus, then, this deep-sea mud is substantially like the Chalk. 
Prof. Huxley (upon whom the task devolved of examining these 
deep-sea soundings) was surprised to find the “granules” of the 
mud in which the Globigerine abound had a definite form and size. 
He named these bodies coccoliths, but doubted their organic origin. 
Dr. Wallich, who accompanied Sir Leopold M‘Clintock, in 1860, in 
the cruise of H.M.S. “ Bull-dog,” verified these observations of 
Huxley’s, and added the interesting discovery that not unfrequently 
bodies similar to these coccoliths were aggregated together into 
spheroids, which he termed coccospheres. 

Mr. H. C. Sorby, F.R.S., in making a careful microscopic ex- 
amination of the chalk, observed, as Ehrenberg had done before him, 
that much of its granular basis possesses a definite form. Comparing 
these formed particles with those in the Atlantic soundings, he 
found the two to be identical; and thus proved that the chalk, like 
the soundings, contains these mysterious coccoliths and coccospheres, 
as well as the shells of Globigerine. Professor Huxley has since 
traced out the development of the “‘coccoliths”’ from a diameter of 


with formidable jaws, which once inhabited the valley of the Meuse. The Letodon, 
Owen, from the Upper Chalk near Norwich, is closely allied to the Mosasaurus.. 
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solos Of an inch up to their largest size, which is about >;1,,, and 
no longer doubts that they are produced by independent organisms, 
which, like the Globigerina, live and die at the bottom of the sea, at 
a depth of two miles beneath the surface. 

There seems then to be good ground for the conclusion that the 
chalk itself is the dried mud of an ancient deep sea, and, like the 
present ooze of the Atlantic, has been slowly accumulated in the abysses 
of the ocean. We thus see that the Chalk and the Nummulitic Lime- 
stone are both largely formed ef the dead shells of Foraminifera 
accumulated in deep and wide oceans, which onee and again occu- 
pied the site of the present old world continent. 

But the Chalk furnishes remains of many organisms besides 
Foraminifera. It has afforded relics of some of the largest of those 
remarkable flying lizards, the Pterodactyles, at present met with ; 
whilst the lower beds have also yielded one of the latest forms of 
Jand lizards." 

Thus we have already extended ‘our researches back sufficiently 
far to have met with three extinct orders,—the Pterosauria, the 
Plesiosauria, and the Dinosauria,—which are only known to us in 
@ fossil state. 

The succeeding Greensand, Neocomian, Wealden, and Purbeck 
series yield us many more types of these extinct fossil Reptilian 
forms, and exemplify in a remarkable degree the changes in climate, 
and consequently in geographical distribution, which must have 
taken “place to enable such animals to flourish in this country. 

The rare shells of Pleurotomaria,’ as also Brachiopoda, were ex- 
ceedingly well represented in the Oolitic and ‘Cretaceous rocks. 
Nor do we find many new orders in the Oolitic series with which 
we are not already made acquainted in the more modern Cretaceous 
and Tertiary formations. The most interesting form is that of the 
Archaeopteryx, a bird with a remarkably un-avian development of its 
caudal vertebrae, and possessing free wing-digits armed with claws. 
The head of this bird is wanting, but from the more recent dis- 
coveries of remains of extinct birds by Prof. O. C. Marsh, in the 
Cretaceous beds of Kansas, we may reasonably presume that these 
earlier birds probably possessed mandibles armed with teeth.’ 

The short-necked and massive Pliosawrus, which occurs both in the 
Portland stone and the Kimmeridge Clay, affords us another type of 
those ancient and extinct sea-lizards once so numerous in the seas of 
the Mesozoic epoch; whilst the remains of the great Cetiosawrus 
and Megalosaurus testify to the magnitude of the land-reptiles of 
these Secondary rocks. 

But whilst the Reptilia during the Mesozoic or Secondary Period 
increased enormously on the face of the earth, and in the waters, 


' Acanthopholis, Huxley. 

2 One living example has been obtained from the West Indies, and was valued by 
M. Damon at 507. 400 species are known in a fossil state extending from the Lower 
Silurian to the Chalk. 

3 Prof. Marsh has discovered two—Ichthyornis dispar, Marsh, and Apatornis celer, 
Marsh, both from Kansas, U.S. 
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both in size and numbers, so as to have caused this period to 
be called “the age of Reptiles,’ the Mammalia were apparently 
reduced to a few minute forms of Insectivorous Marsupials, 
known to us only from a rare series of their lower jaws, dis- 
covered in the Purbeck beds and Stonesfield slates, the largest of 
which was no bigger than the living Opossum.’ Yet in speaking 
of the huge Reptiles of the Old World, of whose colossal size we 
gather a notion from the cases containing their bones in the British 
Museum, and from the plaster restorations in the grounds of the 
Crystal Palace at Sydenham, how apt we are to overlook the fact 
that the largest animals of the present day far exceed in size those of 
any previous epoch ! Where shall we find a fossil lizard, whether of the 
land or sea, to vie with the great ‘“ Finner whale” of our own day ? 
—hugest of beasts that live, or ever have lived, disporting his eighty 
or ninety feet of bone, muscle, and blubber, with easy roll among the 
waves, secure from shipwreck i in the stormiest sea. 

The great class of Mammalia then to which we belong not only 
includes all the higher orders existing at the present day, but also 
the largest living beings, for the huge fish-like Cetacea are true warm- 
blooded air-breathers like ourselves, and are as assiduous in the care 
of their young as is the tenderest human mother. 

In the Lias we meet with another type of extinct sea-lizard, the 
Ichthyosaurus, the remains of which have been largely preserved in 
England, especially at Lyme Regis, at Street, at Barrow-on-Soar, 
and at Whitby. 

This is the bios fish-like of the lizards of the Mesozoic period, and 
must have been a veritable shark amidst the smaller fry, to judge by 
his terrible jaws armed with hundreds of conical teeth. Indeed, the 
contents of his stomach betray even a cannibal tendency, for when 
an hungered, he seems occasionally to have stayed his appetite till 
dinner-time with three or four baby Ichthyosaurs aw naturel ! 

The great feature of the Mesozoic age was no doubt its Ammonites ; 
but besides these it had a rich assemblage of Trigonia, a shell now 
only found living on the coasts of Australia, of Zerebratule and Rhyncho- 
nelle, of Cidaride, and of that beautiful form of Crinoid “the Brad- 
ford Pear-encrinite ” Apiocrinites Parkinson ; and, lastly, of King- 
crabs and other Crustacea, with Dragon-flies and Cycadaceous plants. 
In the Vertebrate classes it had its Chimeroid Sharks, with palatal 
crushing teeth ; its Pycnodont fishes ; its Ichthyosauria, Plesiosauria, 
Pierosauria, and Dinosauria; its long-tailed birds ; its all but oldest 
Mammals yet discovered. 

From this wonderful and rich display of life-forms we next pass 
over a long series of dreary almost unfossiliferous red sands and 
marls charged with gypsum and rock-salt, chiefly remarkable for the 
scanty evidences of another lost Reptilian order (the Labyrinthodon), 
helped out by abundance of foot-tracks of quadrupedal and bipedal 
Reptiles, and some perhaps of Birds (?). Some exceedingly minute 
teeth have also been obtained near Stuttgart, which are considered by 


1 See Prof. Owen’s Monograph on the Mesozoic Mammalia, Pal. Soc. 1871, 
vol. xxiy. pl. i.—iy. 
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Prof. Pleininger to be those of a very small Mammal, called Microlestes 
antiquus, believed to have been a minute plant-eating marsupial. 

In the Muschelkalk a curious fossil, determined by Prof. Owen to be 
a Saurian, and named Placodus (originally referred by Miinster and 
Agassiz to the class of Fishes), has been met with, which had palatal 
teeth, and fed no doubt on shell-bearing Mollusca, for crushing 
which its broad flat teeth seem well adapted. 

This Muschelkalk also yields a beautiful form of stone-lily 
(Enerinus liliiformis), also another genus of Cephalopods allied to 
the Ammonites, named Ceratites. 

Here geologists draw the line between Paleozoic and Neozoic. 

The latest Paleozoic formation is the Permian, a series of rocks 
not rich in fossils, but marked in this country by limestones rich in 
magnesia, often forming concretionary masses termed “ botryoidal,” 
and largely developed in Carinthia, where these Dolomite limestones 
form vast isolated pillar-like mountains, which have been compared 
to ancient coral reefs dolomitized and changed to stone, and lifted 
high and dry out of the sea, like some big wreck cast ashore, to tell 
of their former submergence. j 

These Permian-beds are also largely Copper-bearing in Germany, 
particularly in Thuringia. Productus horridus, Spirifer undulatus, 
and a few more shells, with branches of a Coniferous tree, together 
with certain fishes, suchas Platysomus and Palgoniscus, mark these beds. 

Leaving, however, these comparatively barren rocks, we next 
come, in descending order, upon what must evér be looked upon as 
the most wonderful assemblage of fossil organisms in the entire 
stratified series—the Carboniferous formation, with its Coal-measures, 
which attain, in the South-Wales Coal-field, an aggregate thickness 
of 12,000 feet, and comprise 100 seams of coal. very one of these 
seams has its roof-shale and its under-clay. The roof-shale marks a 
break in the conditions of vegetable growth, decay, and accumulation 
caused by-an inundation of foreign matter, probably introduced by 
a local subsidence of the area, to be again re-elevated, and again 
covered by a new forest of Carboniferous trees. 

Every under-clay is full of Stigmarie, the roots of the larger trees 
which contributed by their growth and decay to form the Coal. 

What were the trees of the Forests of the Coal-period ? Were they 
Oaks ? or Beeches ? or Pines? or Gum-trees ? or Palms? No, none 
of these, but, strange as it may seem, humble Cryptogams were in this 
far-off period the precursors of the Sequoia and the Oak; the little 
Liverwort and humble Club-moss are the modern representatives of 
the Lepidodendron and the Sigillaria ; whilst the common Mare’s-tail 
or Hquisetum of our ditches was then a giant Calamite, associated 
with vast numbers of ferns, some of which were arborescent in habit. 

In its stagnant or slowly moving streams the Archegosaurus and 
Anthracosaurus, another type of Labyrinthodont reptile, moved, 
with Baphetes, Pholidogaster, and some thirty others of its kindred, 
whilst Hylonomus, probably an insectivorous reptile, may have 
ascended the trunks of the aged trees in search of Insects, of which 
several have been discovered in the Coal. 
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Nor must we omit that besides a Chilognathous Myriapod (Xylo- 
bius sigillarie), Dr. Dawson’s labours have brought to light two 
air-breathing Snails, Pupa vetusta and Conulus priscus. 

Among the fossils foreign to the Coal itself, yet found associated 
with it in the Clay-ironstone nodules of the Coal-measures, have been 
discovered numerous small King-Crabs, a beautiful wing of a large 
Locust, Gryllacris lithanthraca, and an entire Arachnide from the 
Dudley Coal-field, Hophrynus Prestvieii, two Scorpions and a Spider 
from the Coal of Silesia, the Protolycosa anthracophila. 

The Forest Marble of Wiltshire has the honour of furnishing the 
earliest-known short-tailed Crab (the Palginachus longipes), whilst 
the Coal presents us with the earliest-known Lobster (the Anthra- 
palemon Grossartii). Another form of Nautiloid shell is also here 
met with, belonging to the genus Goniuatites. 

Beneath the Coal rests the Carboniferous Limestone, sometimes 
with the Millstone Grit between. The Carboniferous Limestone is 
for the most part a truly marine deposit, often rich in Corals and 
huge Brachiopods, Productus giganteus, with large Gasteropods, 
Huomphalus, Macrocheilus, ete., and with several species of Trilo- 
bites—another truly extinct order of Crustacea (unless, as I have 
ventured to suggest elsewhere, the Trilobita are but a lower form 
of Isopoda, less highly developed and less differentiated than those 
of to-day). Abundant and beautiful forms of Crinoidea occur in 
these rocks, often forming entire strata of vast thickness by the frag- 
ments of their stems alone, as witness the Entrochal marble and the 
Screw-stone of Derbyshire.! The Encrinite marble is so extensive 
as to be quarried for mantelpieces and other economic purposes. This 
marble also yields a new type of Nautiloid shell (but unrolled and 
straightened out), the Orthoceras, one of the earliest of the group. 

And here I may be permitted to observe that both at the outset 
in the Paleozoic rocks, and also in the Chalk, Gault, and Neocomian 
strata, near the close of the epoch of the Tetrabranchiate Cephalopoda 
(or four-gilled division of this order of Mollusca), of which the 
Nautilus alone survives, they appear and disappear, as it were, in 
contortions. In fact, these chambered shells assume the most varied 
curves, spirals, and discoidal twists conceivable, as if undergoing 
torture, or practising fashions. 

Nor can I divest my mind of the idea that mimicry (as Dr. Darwin, 
Mr. Wallace and many other Naturalists have pointed out) amongst 
animals of to-day was practised at a very remote period, and by very 
different forms of life. 

Thus in the Solenhofen Limestone I believe long-tails were at one 
time set forth in the fashion-book of the period; for we have a long- 
tailed bird (the Archzopteryx), a long-tailed Pterodactyle (the 
Rhamphorhynchus), a long-tailed Crab, the King-Crab. Tails among 
Reptiles have been mostly in vogue—the earlier Frogs even wore 
tails, and their babies keep up the remembrance yearly, but drop 
them as soon as they come ashore. 


1 The Woodocrinus, a beautiful form of stone-lily, only occurs at one particular 
locality, in the Carboniferous Limestone near Richmond, Yorkshire. 
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Here we take leave of our Reptilian friends, and go on further 
back in time, with only Fishes to remind us of “ animals with back- 
bones.” But swelling with the portents of future races, which shall 
arise to call him ancestor, behold the giant Pterygotus—largest of 
Paleozoic Crustacea, rivalling in size even the existing Inachus 
Kempfert from Japan, and far more muscular. Doubtless, in his 
day, both in the Upper Silurian and in the Devonian, he played an 
important part, devouring all things which came in his way, both 
old and new, living and putrid; like the existing members of his 
family, he had not a high stomach ! 

Still evidences of land! Mr. Samuel Scudder, of Boston, has 
described several Devonian Insects; Dr. Dawson, of Montreal, Mr. 
Baily, of the Irish Survey, the late Prof. Forbes, and others, have 
described several Devonian land-plants. Corals, as in the Carboni- 
ferous Limestone, were plentiful, and many formed reef-like masses 
of great size and compactness. A peculiar form of Trilobite with 
a large fan-tail (Bronteus flabellifer), and more Brachiopods. 

The fishes have a tendency to imitate King-Crabs; their bucklers 
are peculiarly Crustacean-looking—another case of mimicry : eho 
set the fashion ? and who followed ? 

Judging by the numbers of Trilobites and Crinoids, we have 
reached the “‘ Kingdom of Siluria,” and behold the rich treasures of 
the Wenlock Limestone, its stores of Brachiopoda, its oldest King- 
Crab, Neolimulus falcatus, its queer Pterygoti, its Corals and earliest 
remains of Fishes. But time would fail to tell in detail the fauna of 
each rock of Ludlew, Wenlock, Woolhope, Llandovery, Caradoc and 
Bala, Llandeilo and Arenig, each a world of ages in antiquity, but 
still full of Crinoidea, Starfishes, Trilobites, and Lampshells, with 
varied forms of Orthocerata. 

And now, wreathed in Graptolites, comes the Cambrian, with its 
Slate-rocks, and more new Trilobites, a Starfish and a Crinoid, 
Lingulz and Zoophytes. Again rock-mass succeeds to rock-mass : 
Tremadoc-slates, Lingula-flags, Harlech-grits, Llanberis-slates. Is 
this the last? No, emphatically. Logan in Canada has added 
yet another conquest, and brought in the great Laurentian kingdom, 
with its (as yet) single fossil, the Hozoon Canadense. 

What is this Hozoon Canadense? This to us, at present, oldest 
known form of life. 

I have already spoken of the “Nummulitic formation,” a lime- 
stone of Eocene Tertiary age, extending from England to China in 
a broad band, and in thickness sufficient to help to build up the 
Pyrenees, the Alps, the Atlas Mountains, the Carpathians, and even 
the mountains of Asia, extending into China and Thibet. 

This limestone is made up largely (often entirely) of the lenticular 
shells of Nummulites. Instead of shells, imagine it one shell, one 
animal, and you have a notion of what. Hozoon is like. 

I have told you of the Chalk, covering an area as large as Hurope, 
being largely composed of the shells of a microscopic Foraminifer 
called Globigerina. Instead of many shells, imagine it one shell, and 
you have a notion of what Hozoon is like. 


5) 
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But you will probably say, “This is too much to ask one to accept ; the 
idea of a kind of common composite animal, however simple, stretch- 
ing from ‘the shores of Labrador to the margin of Lake Superior, 
and thence northwardly to an unknown distance, constituting a wild 
and rugged region, often rising into hills 4000 feet high, and form- 
ing cliffs 1500 feet sheer vertical depth!” 

Let us instead look for a moment at the Pacfic Ocean. Not an 
island in the intertropical region that lifts its head above the wave 
but is made of, or fringed with, Coral Reefs. Florida and the West 
Indian Islands, as well as those of the Indian Ocean, within the 
tropics, are alike coral-bound or coral-built. Here then, I think, we 
shall find a parallel instance, derived from a higher grade (the 
Zoophyta), in which composite animals are world-makers on fully 
as large a scale as the Hozoon Canadense, if not larger. 

Speaking of the Atlantic mud, Prof. Wyville Thomson writes: 
“'The mud was entirely filled with the delicate siliceous root-fibres 
of the vitreous sponges, binding it together, and traversing it in all 
directions like hairs in mortar. This mud (he goes on to say) was 
actually alive; it stuck together in lumps, as if there were white of 
egg mixed with it, and the glairy mass proved under the micrescope 
to be living sarcode. Prof. Huxley regards this as a distinct creature, 
and calls it “ Bathybius.” Wyville Thomson inclines to look upon 
it as “simply a sort ef diffused mycelium of the different distinct 
sponges growing at the bottom.” “This view,” he adds, “ accords 
well with the mode of nutrition of the sponges.” 

This Bathybius agrees exactly with Huxley’s description of his 
universal basis of life, or Protoplasm, which he traces in so many and 
various bodies, and which behaves like an ordinary Ameba, “ draw- 
ing in and thrusting out prolongations of its substance.” 

Whether the so-called Protoplusm is, or is net, the ultimate basis 
of life,—whether it grows naturally from dead matter on which it 
feeds, as the brewer supposes the beer or wine to feed on the lees,— 
whether it can be made as a chemical compound from the elements 
of which it is composed,—we are not yet prepared to state. But 
I have been enabled to show you in a very rough and hasty way 
—(1) That the oldest organism with which we are acquainted is 
one of the simplest, being an aggregate of a number of Feraminifera 
associated together so as to form a common Protozoan Reef, just as a 
Coral island is a Zoophytan Reef. (2) That the Chalk and Nummulitic 
Limestone have been similarly built up of aggregations of myriads 
of Protozoans filled with the same sarcode, or Protoplasm, as 
the Hozoon. (8) That each geologic period.as we ascend stage by 
stage upwards in the chronology of our Earth does not point toa 
periodic re-creation of all things, but rather tends to show that a 
gradual development of life has been taking place ever since its first 
appearance. 

We have not a perfect and complete history of life on the globe, 
nor is it a thing to be ever expected. Geologists have learned to 
say “we don’t know” about a great many things which at one time 
they either thought they did know, or they were credited by their 
friends with such prescience. 
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But making every allowance for our ignorance of past life-periods, 
and also for the imperfection of the geological record, I think it can 
be clearly demonstrated that there is “a continuity of life on the 
earth” from the earliest dawn of that life to our own day : that the 
changes which have taken place have resulted from alterations im 
physical conditions, such as the elevation and subsidence of the land, 
bringing about changes of climate, causing migrations and modifi- 
cations in distribution, in numbers, size, ete. That from period to 
period, in the far-off past, the various groups have in turn prevailed 
as leaders in the kingdom of animal and vegetable life. Thus 
in early times the Cephalopoda ruled, later on the Crustacea 
came to the fore, then probably Fishes took the lead, but were 
speedily overpowered by the Saurians. These Land and Sea 
Reptiles then prevailed until Mammalia appeared upon the scene, 
since when it doubtless became a struggle for supremacy until Man 
was created. Then came the age of Invention; at first of flint and 
bone implements, of bows and arrows and fish-books; then of spears 
and shields, swords and guns, lucifer-matches, railways, electric 
telegraphs ; since when even the great whale has given in his ad- 
hesion to the new King Steam, and is dying out of the way quietly. 

One fact more deserves to be borne in mind: that is, the immensity 
of time since life first began. Originally only Plutonic or Metamor- 
phic rocks existed. As these yielded to weathering, they produced 
sediments which assisted to form the Paleozoic rocks. Again, these 
in their turn were denuded wherever elevated above the sea, and 
assisted to form by their wreck the Mesozoic strata, from all of 
which the Tertiary have in like manner been made. But animals, 
by their labours and accumulated skeletons, have probably con- 
tributed more largely than any other source to build up the masses 
of the sedimentary rocks. Nor is it to the highest in the zoological 
scale that this task of mountain-building has been entrusted by 
Nature ; on the contrary, the two humblest classes, the Protozoa 
and Ca@zrentrrerata, have been chosen to rear these imperishable 
monuments; whilst our great stores of mineral fuel, upon the 
continuity of which the vast industries of this country depend, are the 
result of the accumulated growth and decay of lowly organized 
Cryptogamic plants, allied to our existing Club-mosses and 
Equisetaceze. 
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Pecren Sowersi, McCoy. Plate XIII. Figs 1 and 2. 

P. Sowerbii, McCoy. Synop. Carb. Fos. 1844, p. 100, pl. 14, fig. 1. ‘t 

P. Valdaicus, Keyserling and De Verneuil. Murchison’s Geol. Russia, 1845, vol. 1. 
p. 328, pl. 27, fig. 9. 

a »  D’Orbigny. Prodrome de Pal. 1849, i. p. 188. 

P. Bathus, D’Orbigny. Prodrome de Pal. 1849, 1. p. 139. 

P. Sowerbii, Morris. Cat. Brit. Fos. 1854, p. 175. 

Amusium Sowerbii, McCoy. Brit. Pal. Fos. 1855, p. 478. 
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To illustrate paper by Mr. Robert Etheridge, jun., on Scottish Carboniferous Mollusca. 
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P. Valdaieus, Huxley and Etheridge. Cat. Fos. Mus. Pract. Geol. 1865, p. 110. 

P. Sowerbii, Huxley and Etheridge. Cat. Fos. Mus. Pract. Geol. 1865, p. 109. 

Aviculopecten Sowerbii, Armstrong and Young. Cat. Carb. Fos. W. Scot. Trans. 
Geol. Soc. Glasgow, 1871, iil. app. p. 47. 

P. (Pseud-amusium ?) Bathus, De Koninek. Rech. Anim. Fos. Carb. Bleiberg, 1873, 
p. 94, pl. 3, fig. 19. 

Sp. chars.—Shell ovato-elliptical, or suborbicular, slightly convex 
in the median line, flattened towards the margin; ears small, pointed, 
depressed, triangular, subequal, conate, their apices elevated above 
the level of the beaks, forming a re-entering angle, nearly at right 
angles with the general periphery of the shell, both separated from 
the body of the shell, with their “outer edges convex; umbones 
simple, straight, and pointed; muscular impression large, and situ- 
ated near the beaks and posterior margin; shell thin and delicate ; 
surface ornamented with numerous close, fine, concentric lines. 

Obs.—When the shell is removed, the inner lamina is seen to be 
covered with a series of beautiful \-shaped or zigzag markings, very 
acute about the convex centre of the shell, but becoming expanded 
and opened out towards the margins. The true shell often has the 
appearance of a thin, almost smooth or slightly wrinkled skin, with 
here and there a few concentric lines of growth; now and then, under 
certain conditions of preservation, a number of fine lines may be 
seen in the substance of the true shell, especially when held at an 
oblique angle; these are probably a more perfect condition of parts 
of some of the \-shaped strize. 

P. Sowerbii undergoes a considerable amount of change in form, 
according to the pressure to which the specimens have been sub- 
jected. We frequently find two deep grooves extending from the 
beaks, one on each side; the lateral portion of the shell from these 
grooves to the margins becomes much flattened, and in some cases 
even concave, but notwithstanding this, still retaining on the surfaces 
from which the shell has been removed the characteristic \-shaped 
markings. Again, pressure appears to impart to it a certain in- 
equilateral aspect, so much so in some cases as to lead one to doubt 
the true specific identity of the specimen in question. 

The present species was originally described by McCoy from an 
Irish specimen ; but it was not until the publication of his large 
work on the ‘‘ British Paleozoic Fossils” that the peculiar \-strize 
were noticed. In this work the species was referred to Klein’s 
genus Amusium, from the re-entering angle formed by the ears of 
the shell. Under the name of P. Valdaicus, Keyserling and De 
Verneuil had in the mean time figured the lower part of P. Sowerbii, 
showing the characteristic markings, from the Carboniferous series 
of Russia. It is also the P. Bathus of D’Orbigny. 

Prof. de Koninck has lately pointed out! that Mr. Meek has pro- 
posed for similar pectiniferous shells the generic name of Entolium, 
but that this corresponds in a great measure with the section or sub- 
genus Pseud-amusium of Klein, in which the learned Professor 
places P. Sowerbii. He further remarks that it has considerable 
affinity with P. aviculatus, Swallow. 


1 Descr, Anim. Fos. Bleiberg, p. 95. 
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Goldfuss has figured in his “ Petrefacta Germaniz” two shells 
closely allied to P. Sowerbit. One, P. striolutus, from the transition 
limestone of the Hifel, has the re-entering angle formed by the ears 
and the general characters of our Carboniferous species, but with 
longitudinal striz in the place of concentric lines.! The other, dis- 
tinguished as P. Phillips, from the Greywacké of the Glatz 
district, Silesia, possesses concentric lines,’ and altogether shows a 
great resemblanee to P. Sowerbit. 

In their description of P. Valdaicus, Count Keyserling and M. de 
Verneuil point out the affinity borne by their shell to. P. tenuistriatus, 
Minster, from the German Muschelkalk ; if not identical, the shells 
are very closely allied. 

In the elevation of the ears above the general periphery of the 
shell, P. Sowerbit approaches some Oolitic Pectens (McCoy). If we 
are to regard the present shell other than as a true Pecten, it appears 
to me that Klein’s genus Amusium is the correct resting-place for 
it, as placed by McCoy. Tate describes the latter in the fol- 
lowing words: “Shell nearly equivalve, gaping in front and behind; 
smooth outside, generally marked with radiating lines inside.” * 

In nearly all cases where I have examined casts or decorticated 
specimens of P. Sowerbii, the \-strize appear as hollow grooves, im- 
parting the idea that they had been caused by the decomposition of 
some special substance entering into the composition of the shell, 
of a more destructible nature than its chief constituents. 

In a specimen from a shale of the Second Kingshaw Limestone, 
near Carluke, I have distinctly seen the cartilage pit in the hinge 
under the beaks. 

The distinguishing characters of P. Sowerbii are undoubtedly the 
general form and surface ornamentation, form and position of the 
ears, and when seen the \-striee. 

Localities and Position.—The chief localities are the following— 
England: Longnor, Derbyshire (Mus. Pract. Geol.) ; Lowiek, Nor- 
thumberland (McCoy).— Scotland: Lockridge Quarry, near Stewarton, 
Ayrshire; Fernie Hill, near Gilmerton, Edinburghshire, both in the 
shale of the Main Limestone; Shield burn, near Benthall, E. Kilbride, 
in shale bands in ash below Main Limestone; Teiglam burn, Lesma- 
hagow, in shale over the Wee Limestone; Cleekhimin Quarry, near 
Carluke, Thorn Farm Quarry, near Carluke, and Snabe Quarry, near 
Strathavon, all in shale below the Main Limestone ; Ponfeigh burn, 
near Douglas, in shale above the Main Limestone; Calderwater, 
near Basket Farm, HE. Kilbride, in shales of the Crossbasket Iron- 
stone Series; Mayfield Ironstone and Limestone Pit, near Carluke, 
Lochknowe Pit (No. 5), Kingshaw Moss, near Carluke, in shale 
above the Second Kingshaw ‘Limestone (Geol. Survey Scotland). 
Carluke; in Lingula Tronstone (Armstrong and Young). Calder- 
water, opposite Old Mines of Calderside, and Newfield Quarry, near 
E. Kilbride, in shale between the First and Second Calderwood 
Limestones; Burnbrae Old Quarry, near E. Kilbride, in shale below 


1 Plate 160, fig. 7. 2 ibid. fig. 6. 
3 Ralph Tate, in Woodward’s Manual of Mollusca, 1868, second edition, p. 412. 
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the Calderwood Cement Stone; Kirktonholm Cement Works and 
Glebe Quarry, E. Kilbride, in the Calderwood Cement Stone (Geol. 
Survey Scotland). Cunningham Bedland, Craigenglen, and Corrie 
burn, in the Lower Limestone (Armstrong and Young). The fore- 
going are all in the Lower Carboniferous Limestone Group. Birk- 
wood burn, near Lesmahagow, in the shales of the McDonald Clay- 
band Ironstone, Middle Limestone, or Coal and Ironstone Group* 
(Geol. Survey Scotland). The following is in the Upper Carbon- 
iferous Limestone Group: Gillfoot House, near Carluke, in shale above 
the Gillfoot or Belston Burn Limestone (Geol. Survey Scotland).? 
Mr. C. W. Peach has also obtained this shell from black shale at the 
Abbey Craig, Bridge of Allan. The original Irish localities are 
Brucklers, in yellow sandstone; Linsapaste, in Carboniferous slate ; 
and in the Culm of Bundoran, Ballintrillick (McCoy). . 

In Russia, recorded as P. Valdaicus, from Limestone at the base 
of the Carboniferous series on the borders of Bistriza (Valdai). 
Prof. de Koninck records it from Bleiberg (Carinthia). 


Genus AvicuLoPproTEN, McCoy. 


AVICULOPECTEN oRyzA,®? R. Ktheridge, jun. 
A. oryza, R. Etheridge, jun. Mems. Geol. Survey, Expl. 23, Scotland, 1873, p. 103. 


This name was proposed for two portions of a curiously marked 
pectiniferous shell, which, although fragments, differ so widely in 
their ornamentation from that generally found in this genus as to be 
worthy a specific name. One piece shows the remains of the ears 
and upper portion of the shell, and the other that of the ventral or 
lower part. The ears appear to have been small. The shell is 
thin, and covered with peculiar blob-like depressions, arranged in 
consecutive lines, the markings of one line alternating with those of 
the next, and so on. ‘These depressions present an appearance as if 
a number of grains of rice had been uniformly pressed on the 
surface of the shell, and then removed, leaving behind them impres- 
sions of their forms. Those portions preserved show that when 
perfect the shell was of some considerable size. 

Locality and Position—Merry and Cunningham’s Limestone Pit, 
near Carluke, Lanarkshire, in shale above the Second Kingshaw 
Limestone (Geol. Survey Scotland). Collected by Mr. J. Bennie. 

AVICULOPECTEN ELLIPTICUS, Phillips. Plate XIII. Fig. 3. 
Pecten ellipticus. Phil. Geol. York. 1836, ii. p. 212, pl. 6, fig. 16. 
—————— McCoy. Synop. Carb. Fos. 1844, p. 92. 
——_—— Morris. Cat. Brit. Fos. 1854, p. 164. 
——_— Huxley and Etheridge. Cat. Fos. Mus. Pract. Geol. 1868, p.110. 

Sp. chars.—Ovate, most convex below the beaks, but generally 
much compressed and flattened towards the margins, becoming 
elongate with pressure; hinge-line short, straight ; ears small, sub- 
equal, the posterior somewhat the larger, both delicately striated 
vertically ; shell very thin, papyraceous, and nearly smooth, often 
wrinkled irregularly ; muscular scar large and sub-central. 


1 The Lower Coal-measures of some writers. 


2 The Survey specimens were collected by Messrs. Bennie and Macconochie. 
3 Gr. oou a, rice. 
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Obs.—I have ventured to refer Fig. 3 to Phillips’s P. ellipticus, 
notwithstanding the very short description and imperfect figure of 
the former; but it appears to me to correspond better with the cha- 
racters of the species as given by Phillips and McCoy than with 
any other of our British Aviculopectens. It has great affinities with 
Pecten Sowerbii, so much so indeed, that were not the ears placed 
after the usual manner of the genus, instead of at an elevated angle, 
as in the former, one would be inclined to refer it to that species, 
more especially when in compressed specimens the grooves from the 
beaks down the sides of the shell are present, consequent on pressure. 
The ears are the only portion upon which any ornamentation is trace- 
able, as the body of the shell is quite devoid of radiating, and with 
but few and wide apart concentric lines. McCoy mentions the 
existence of colour markings, dark zigzag on a light ground. Like 
that of P. Sowerbii, the shell of A. ellipticus was very thin, even 
more so I imagine, sometimes presenting quite a shrivelled appear- 
ance. Under the name of P. inornatus (Phil.), McCoy briefly de- 
scribed’ another species, the characters of which also closely corre- 
spond with those of the present shell. I have been unable to find 
Phillips’s original description, but McCoy states that the surface is 
“concentrically waved with obtusely rounded, smooth wrinkles.” 
May not the two shells A. (Pecten) ellipticus and P. inornatus be the 
same under slightly different aspects? I have never seen a specimen 
of P. inornatus, so merely throw out the suggestion. Two specimens 
of an Aviculopecten have come under my notice presenting the ovate 
form, and small striated ears of the present species, with the shell 
removed, showing the \-strie so characteristic of P. Sowerbi. 
Whether A. ellipticus also had these markings, the materials at hand 
do not permit me to state with any certainty.’ 

Localities and Position.—Calderwater, near Tower on Calderwood 
Grounds, near HE. Kilbride, Lanarkshire, in shale of the Crossbasket 
Tronstone series; Mayfield Ironstone and Limestone Pit, near Car- 
luke, in shale above the Second Kingshaw Limestone ; Calderwater, 
opposite Old Mines of Calderside, near HK. Kilbride, in shale above 
the Second Calderwood Limestone, all in the Lower Carboniferous 
Limestone Group. In the Upper Carboniferous Limestone Group, 
old quarry near Andershaw, Glespin Water, near Douglas, Lanark- 
shire, in shale between two beds of Limestone (Geol. Survey Scot- 
land); Teiglam Burn, Lesmahagow (C. W. Peach), in black shale. 


Genus Postponomya, Bronn (—Posronta, Bronn). 
Postponomya corruGATA, Etheridge. Plate XIII. Figs. 4, 5, and 6. 
‘Anomia corrugata, Etheridge, MS. Armstrong and Young's Cat. Carb. Fos. W. 

Scot., Trans. Geol. Soc. Glasgow, 1871, iii. app. p. 45. (no descrip.) 
Posidonomya corrugata, R. Eth.,jun. Mems. Geol. Surv. Expl. 32, Scot., 1873, p. 108. 


1 Synopsis Carb. Fossils, 1844, p. 94. 

2 My friend Mr. C. W. Peach has lately shown me another specimen of a valve 
possessing the small ears of this species, and ornamented with the V-strie of P. 
Sowerbit. I find that in some notes attached to the description of Pernopecten 
Shwmardianus, Winchell, Messrs. Meek and Worthen state that one of them (Mr. 
Meck) has described, in the “ Report on the Coal-measure Fossils of Nebraska” (a 
work I have unfortunately not seen), a shell with the hinge-line in one valve straight, 


R. Etheridge, jun.— New Carboniferous Mollusca. 305 


Sp. chars.—Variable in outline, but generally irregularly ovate, 
compressed, occasionally assuming an oblique form, at times narrowed 
towards the beaks, and expanded towards the ventral margin ; beaks, 
in the ovate forms nearly central, in the oblique forms nearer the 
anterior end, sharp, prominent; anterior end rounded; posterior end 
somewhat truncated; the distinguishing character of the shell is the 
very irregular concentric wrinkles which cover the surface ; in nearly 
all adult specimens these are supplemented by a variable number of 
strongly wrinkled ribs, which radiate from the beak to the ventral 
margin on the centre of the shell only, leaving the anterior and pos- 
terior ends merely covered with the concentric markings ; shell thin. 

Obs.—This shell was originally regarded as a species of Anomia, 
but the examination of a large series of specimens, many showing 
both valves united, has convinced me that it has nearer affinities 
with Posidonomya. Not a single specimen has shown the perforated 
valve of Anomia. Posidonomya Gibsoni, Brown,' is a closely allied 
shell, and is equally variable and coarsely wrinkled, but wants the 
radiating ribs. In the possession of the latter, P. corrugata ap- 
proaches McCoy’s P. costata,? but has in addition the concentric 
wrinkles, which are absent in the Irish shell. In this species the 
radiating ribs are confined to the number four in each individual, 
whilst in P. corrugata they are variable, as few as two and as 
many as seven have been noted. Highly gregarious, and at certain 
localities very common. 

- Locality and Position.—North Lickprivick Farm Old Quarry, near 
H. Kilbride, Lanarkshire, in shale above the Main Limestone; 
Fiddler’s burn, opposite Headsmuir, near Carluke, Lanarkshire, in 
shale below Raesgill Ironstone ; Jock’s burn above Hallcraig Bridge, 
near Carluke, in shale between the First Kingshaw Limestone and the 
Lingula Limestone, and also in the latter ; Burnbrae Old Quarry, Gill 
burn, Quarry near Mossneuk Farm House, and burn under Burn- 
head Farm House, all near E. Kilbride, in shale immediately below 
Calderwood Cement Stone; Old Quarry, near Limekilns House, 
near EK. Kilbride, in the Calderwood Cement Stone; Kirktonholm 
Cement Works, Calderside Cement Works, Boghead Quarry, and 
Newfield Farm Cement Works, all near E. Kilbride, in shale above 
Calderwood Cement Stone (Geol. Survey of Scotland).’ 

EXPLANATION OF PLATE XIII. 


Fia. 1.—Peeten Sowerbii, McCoy. Showing the conate ears and V-strie. Slightly 
enlarged. lL. Limestone series. Esperston, near Edinburgh. 
Fre. 2.—Another specimen, much compressed, with the ears wanting. 


and in the other forming, at the beaks, a retreating angle (Illinois Geol. Rep. iii. 
page 454). It may be that the two valves of P. Sowerbi differed in a somewhat 
analogous manner; this, however, is a point which can only be proved by those pos- 
sessing specimens showing the valves in union. Messrs. Meek and Worthen point 
out the resemblance of P. Shumardianus to P. Sowerbii. 

i pales Mems. Geol. Survey England and Wales, Country around Wigan, 1862, 
p. 38, fig. 1, d. E 

2 Synop. Carb. Fos. 1844, p. 78, t. 13, fig. 15. 

3 Recorded as Anomia corrugata by Messrs. Armstrong and Young, from Boghead, 
in a thin band of Limestone, in the Upper Black Shale, and Dalrey, Ayrshire, in the 
Lower Limestone, (Trans. Geol. Soc. Glasgow, iii. app. p. 45.) 
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Fia. 3.—Aviculopecten ellipticus, Phillips. Natural size. Shale of the L. Carbon- 
iferous Limestone series. ‘Teiglam Burn, Lesmahagow. 

Fries. 4, 5, and 6.— Posidonomya corrugata, Etheridge. Shale above the Calderwood 
Cement Stone, L. Carboniferous Limestone Group, Kirktonholm Cement 
Works, E. Kilbride. 

For the specimen from which Fig. 1 is taken I am much indebted to Mr. James 
Bennie, who obtained it from the locality above mentioned. The original of Fig. 3 was 
kindly lent me by Mr. C. W. Peach; and those from which Figs. 4, 5, and 6 were 
drawn, are from the collection of Mr. A. Paton, of E. Kilbride, who obtained them at 
the locality mentioned, and to whom I am much indebted for an opportunity of 
examining numerous other fossils from that district. 


TJ.—On tue Paystcat Cause oF THE SUBMERGENCE AND EMERGENCE 
OF THE LAND DURING THE GuactAL Hpoce. 
By James Crouz, of the Geological Survey of Scotland. 

N ordinary glacier descends in virtue of the slope of its bed, 
and, as a general rule, it is on this account thin at its com- 
mencement, and thickens as it descends into the lower valleys, 
where the slope is less and the resistance to motion greater. But 
in the case of continental ice, matters are entirely different. The 
slope of the ground exercises little or no influence on the motion of 
the ice. In a continent of one or two thousand miles across, the 
general slope of the ground may be left out of account; for any 
slight elevation which the centre of such a continent may have will 
not compensate for the resistance offered to the flow of the ice by 
mountain ridges, hills, and other irregularities of its surface. The 
ice can move off such a surface only in consequence of pressure 
acting from the interior. In order to produce such a pressure, 
there must be a piling up of the ice in the interior; or, in other 
words, the ice-sheet must thicken from the edge inwards to the 
centre. We are necessarily led to the same conclusion, though we 
should not admit that the ice moves in consequence of pressure from 
behind, but should hold, on the contrary, that each particle of ice 
moves by gravity in virtue of its own weight; for in order to have 
such a motion, there must be a slope, and as the slope is not on the 
ground, it must be on the ice itself: consequently, we must conclude 
that the upper surface of the ice slopes upwards from the edge to 
the interior. What, then, is the least slope at which the ice will 
descend? Mr. Hopkins found that ice barely moves on a slope of 
one degree. We have therefore some data for arriving at least at a 
rough estimate of the probable thickness of an ice-sheet covering a 
continent, such, for example, as Greenland or the Antarctic Continent. 
The Antarctic Continent is generally believed to extend, on an 
average, from the South Pole down to about, at least, latitude 70°. 
In round numbers, we may take the diameter of this continent at 
2800 miles. The distance from the edge of this ice-cap to its 
centre, the South Pole, will, therefore, be 1400 miles. The whole 
of this Continent, like Greenland, is undoubtedly covered with 
one continuous sheet of ice gradually thickening inwards from its 
edge to its centre. A slope of one degree continued for 1400 miles 
will give twenty-four miles as the thickness of the ice at the Pole. 
But suppose the slope of the upper surface of the cap to be only one- 
half this amount, viz. a half degree,—and we have no evidence that a 
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slope so small would be sufficient to discharge the ice, 
—still we have twelve miles as the thickness of the 
cap at the Pole. To those who have not been ac- 
customed to reflect on the physical conditions of the 
problem, this estimate may doubtless be regarded as 
somewhat extravagant; but a slight consideration will, 
however, show that it would be even more extravagant. 
to assume that a slope of less than half a degree would 
be sufficient to produce the necessary outflow of the 
ice. In estimating the thickness of a sheet of con- 
tinental ice of one or two thousand. miles across, our 
imagination is.apt to deceive us. We can easily form 
a pretty accurate sensuous representation of the thick- 
ness of the sheet; but we can form no adequate re- 
presentation of its superficial area. We can represent 
to the mind with tolerable accuracy a thickness of a 
few miles, but we cannot do this im reference to the 
area of a surface 2800 miles across. Consequently, in 
judging what proportion the thickness of the sheet 
should bear to its superficial area, we are apt to fall 
into the error of under-estimating the thickness. We 
have a striking example of this in regard to the 
ocean. The thing which impresses us most forcibly 
in regard to the ocean is its profound depth. A mean 
depth of, say, three miles produces a striking impres- 
sion; but if we could represent to the mind the vast 
area of the ocean as correctly as we can do its depth, 
shallowness rather than depth would be the impression 
produced. A sheet of water one hundred yards in 
diameter, and only one inch deep, would not be called 
a deep but a very shallow pool or thin layer of water. 
But such a layer would be a correct representation of 
the ocean in miniature. Were we in like manner to 
represent to the eye in miniature the Antarctic ice- 
cap, we would call it a thin crust of ice. Taking the 
mean thickness of the ice at four miles, the Antarctic 
ice-sheet would be represented by a carpet covering 
the floor of an ordinary-sized dining-room. Were 
those who consider the above estimate of the thickness 
of the Antarctic ice-cap as extravagantly great called 
upon to sketch on paper a section of what they should 
deem a cap of moderate thickness, ninety-nine out of 
every hundred would draw one of much greater 
thickness than twelve miles at the centre. 

The accompanying diagram represents a section 
across the cap drawn to a natural scale; the upper 
surface of the sheet having a slope of half a degree. 
No one on looking at the section would pronounce it 
to be too thick at the centre, unless he were previously 
made aware that it represented a thickness of twelve 


8. Pole, ~ 
\ 
Thickness at centre (South Pole) =12 miles. 


Section across Antarctic Ice-cap, drawn to a natural scale. 


Length represented by section =2800 miles. 


Slope of upper surface= half-degree. 
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miles at that place. It may be here mentioned that had the section 
been drawn upon a mueh larger scale—had it, for instance, been 
made seven feet long, instead of seven inches—it would have shown 
to the eye in a more striking manner the thinness of the cap. 

But to avoid all objections on the score of over-estimating the 
thickness of the cap, I shall assume the angle of the upper surface 
to be only a quarter of a degree, and the thickness of the sheet 
one-half what it is represented in the section. The thickness at the 
Pole will then be only six miles instead of twelve, and the mean 
thickness of the cap two instead of four miles. 

Is there any well-grounded reason for concluding the above to 
be an over-estimate of the actual thickness of the Antarctic ice ? 
It is not so much in consequence of any @ priori reason that can 
be urged against the probability of such a thickness of ice, but 
rather because it so far transcends our previous experience that we 
are reluctant to admit such an estimate. If we never had any ex- 
perience of ice thicker than what is to be found in England, we 
should feel startled on learning for the first time that in the valleys 
of Switzerland the ice lay from 200 to 300 feet in depth. Again, if 
we had never heard of glaciers thicker than those of Switzerland, 
we could hardly credit the statement that in Greenland they are 
actually from 2000 to 3000 feet thick. ‘We, in this country, have 
long been familiar with Greenland; but till very lately no one ever 
entertained the idea that that continent was buried under one con- 
tinuous mass of ice, with scarcely a mountain top rising above the 
icy mantle. And had it not been that the geological phenomena of 
the Glacial epoch have for so many years accustomed our minds 
to such an extraordinary condition of things, Dr. Rink’s description 
of the Greenland ice would probably have been regarded as the ex- 
travagant picture of a wild imagination. 

Let us now consider whether or not the facts of observation and 
experience, so far as they go, bear out the conclusions to which 
physical considerations lead us in reference to the magnitude of 
continental ice; and more especially as regards the ice of the 
Antarctic regions. 

First. In so far as the Antarctic ice-sheet is concerned, observation 
and experience to a great extent may be said to be a perfect blank. 
One or two voyagers have seen the outer edge of the sheet at a few 
places, and this is all. In fact, we judge of the present condition 
of the interior of the Antarctic Continent in a great measure from 
what we know of Greenland. But, again, our experience of Green- 
land ice is almost wholly confined to the outskirts. No one, with 
the exception of Dr. Hayes and Prof. Nordenskidld, has penetrated 
to any distance into the interior. Dr. Hayes’s excursion was made, 
however, not upon the real inland ice, but upon a smaller ice-field 
connected with it; while Prof. Nordenskidld’s excursion was made 
at a place too far south to afford an accurate idea of the actual con- 
dition of the interior of North Greenland, even though he had pene- 
trated much further than he actually did. However, the state of 
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things as recorded by Hayes and by Nordenskidld affords us a 
glimpse into the condition of things in the interior of the continent. 
‘hey both found by observation, what follows as a necessary result 
from physical considerations, that the upper surface of the ice plain, 
under which hills and valleys are buried, gradually slopes upwards 
towards the interior of the continent. Prof. Nordenskiold states that 
when at the extreme point at which he reached, thirty geographical 
miles from the coast, he had attained an elevation of 2200 feet, and 
“that the inland ice continued constantly to rise towards the interior, 
so that the horizon towards the east, north, and south, was termi- 
nated by an ice-border almost as smooth as that of the ocean.” 
(Grot. Mac. 1872, Vol. IX. p. 860.) 

Dr. Hayes and his party penetrated inwards to the distance of 
about seventy miles. On the first day they reached the foot of the 
great Mer de Glace, the second day’s journey carried them to the 
upper surface of the ice-sheet. On the third day they travelled 
thirty miles, and the ascent, which had been about 6°, diminished 
gradually to about 2°. They advanced on the fourth day about 
twenty-five miles; the temperature being 30° below zero (Fah.). 
“Our station at the camp,” he says, ‘‘ was sublime as it was danger- 
ous. We had attained an altitude of 5000 feet above the sea-level, 
and were seventy miles from the coast, in the midst of a vast frozen 
Sahara immeasurable to the human eye. There was neither hill, 
mountain, nor gorge, anywhere in view. We had completely sunk 
the strip of land between the Mer de Glace and the sea, and no 
object met the eye but our feeble tent, which bent to the storm. 
Fitful clouds swept over the face of the full-orbed moon, which, 
descending towards the horizon, glimmered through the drifting 
snow that scudded over the icy plain—to the eye in undulating lines 
of downy softness, to the flesh in showers of piercing darts.” (Open 
Polar Sea, p. 184.) 

Dr. Rink, referring to the inland ice, says that the elevation or 
height above the sea of this icy plain at its junction with the out- 
skirts of the country, and where it begins to lower itself through the 
valleys to the friths, is, in the ramifications of the Bay of Omenak, 
found to be 2000 feet, from which level it gradually rises towards 
the interior. (Journ. of the Royal Geographical Soc. 1858, vol. xxiii.) 

Dr. Robert Brown, who, along with Mr. Whymper in 1867, at- 
tempted a journey to some distance over the inland ice, is of opinion 
that Greenland is not traversed by any ranges of mountains or high 
land, but that the entire continent, twelve hundred miles in length 
and four hundred miles in breadth, is covered with one continuous 
unbroken field of ice, the upper surface of which, he says, rises by 
a gentle slope towards the interior. (‘‘ Physics of Arctic Ice,” Quart. 
Journ. Geol. Soc. for February, 1871.) 

Suppose now the point reached by Hayes to be within 200 miles 
of the centre of dispersion of the ice, and the mean slope from that 
point to the centre, as in the case of the Antarctic cap, to be only 
half a degree ; this would give 10,000 feet as the elevation of the 
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centre above the point reached. But the point reached was 5000 feet 
above sea-level, consequently the surface of the ice at the centre of 
dispersion would be 15,000 feet above sea-level, which is about one- 
fourth what I have concluded to be the elevation of the surface of 
the Antarctic ice-cap at its centre. And supposing we assume the 
general surface of the ground to have in the central region an eleva- 
tion as great as 5000 feet, which is not at all probable, still this 
would give 10;000 feet for the thickness of the ice at the centre of 
the Greenland Continent. But if we admit this conclusion in re- 
ference to the thickness of the Greenland ice, we must admit that 
the Antarctic ice is far thicker, because the thickness, other things 
being equal, will depend upon the size, or, more properly, upon the 
diameter of the continent; for the larger the surface, the greater is 
the thickness of ice required to produce the pressure requisite to 
make the rate of discharge of the ice equal to the rate of increase. 
Now the area of the Antarctic Continent must be at least a dozen of 
times greater than that of Greenland. 

Second. That the Antarctic ice must be far thicker than the Arctic 
is further evident from the dimensions of the icebergs which have 
been met with im the Southern Ocean. No icebergs over three 
hundred feet in height have been found in the Arctic regions, 
whereas in the Antarctic regions, as we shall see, icebergs of twice 
and even thrice that height have been reported. 

Third. We have no reason to believe that the thickness of the ice 
at present covering the Antarctic Continent is less than that which 
covered a continent of a similar area in temperate regions during 
the Glacial epoch. Take, for example, the North American Conti- 
nent, or, more properly, that portion of it covered by ice during the 
Glacial epoch. Prof. Dana has proved that during that period the 
thickness of the ice on the American Continent must in many places 
have been considerably over a mile. He has shown that over the 
northern border of New England the ice had a mean thickness of 
6500 feet, while its mean thickness over the Canada watershed, 
between St. Lawrence and Hudson’s Bay, was not less than 12,000 
feet, or upwards of two miles and a quarter (see American Journal of 
Science and Art for March, 1873). 

Fourth. Some may object to the foregoing estimate of the amount 
of ice on the Antarctic Continent, on the grounds that the quantity 
of snowfall in that region cannot be much. But it must be borne 
in mind that, no matter however small the annual amount of snow- 
fall may be, if more falls than is melted, the ice must continue to 
accumulate year by year till its thickness in the centre of the conti- 
nent be sufficiently great to produce motion. The opinion that the 
snowfall of the Antarctic regions is not great does not, however, 
appear to be borne out by the observation and experience of those 
who have visited those regions. Capt. Wilkes, of the American 
Exploring Expedition, estimated it at thirty feet per annum. And 
Sir James Ross says that during a whole month they had only three 
days free from snow. The fact that perpetual snow is found at 
the sea-level at lat. 64° S. proves that the snowfall must be great. 
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But there is another circumstance which must be taken into ac- 
count, viz. that the currents carrying moisture move in from all 
directions towards the Pole, consequently the area on which they 
deposit their snow becomes less and less as the Pole is reached, and 
this must, to a corresponding extent, increase the quantity of snow 
falling on a given area. Let us assume, for example, that the clouds 
in passing from lat. 60° to lat. 80° deposit moisture sufficient to 
produce, say, thirty feet of snow per annum, and that by the time 
they reach lat. 80° they are in possession of only one-tenth part of 
their original store of moisture. As the area between lat. 80° and 
the Pole is but one-eighth of that between lat. 60° and 80°, this 
would, notwithstanding, give twenty-four feet as the annual amount 
of snowfall between lat. 80° and the Pole. ee 

Fifth. The enormous size and thickness of the icebergs which 
have been met with in the Southern Ocean testify to the thickness 
of the Antarctic ice-cap. 

We know from the size of some of the icebergs which have been 
met with in the southern hemisphere that the ice at the edge of the 
cap where the bergs break off must in some cases be considerably 
over a mile in thickness, for icebergs of more than a mile in thick- 
ness have been found in the southern hemisphere. The following 
are the dimensions of a few of these enormous bergs taken from the 
Twelfth Number of the Meteorological Papers published by the 
Board of Trade, and from the excellent paper of Mr. Towson on the 
Icebergs of the Southern Ocean, published also by the Board of 
Trade.? With one or two exceptions, the heights of the bergs were 
accurately determined by angular measurement :— 


Sept. 10th, 1856.—The “‘ Lightning,” when in lat. 55° 33’ S., long. 140° W., met 
with an iceberg 420 feet high. ; 

Nov. 1839.—In lat. 41° S., long. 87° 30’ E., numerous icebergs 400 feet high were 
met with. 

Sept. 1840.—In lat. 37° S., long. 15° E., an iceberg 1000 feet long and 400 feet high 
was met with. 

Feb. 1860.—Captain Clark of the “ Lightning,” when in lat. 55° 20’ S., long. 122° 
45’ W., found an iceberg 500 feet high and three miles long. ; 

Dec. Ist, 1859.—An iceberg 580 feet high and from two anda half to three miles 
long was seen by Captain Smithers of the “Edmond” in lat. 50° 52’S., long. 
43° 58’ W. So strongly did this iceberg resemble land that Captain Smithers 
believed it to be an island, and reported it as such, but there is little or no 
doubt that it was in reality an iceberg. There were pieces of drift ice under 
its lee. 

Noy. 1856.—Three large icebergs 500 feet high were found in lat. 41° 0’ S., long. 
42° 0’ BE. 

Jan. poker icebergs, one 500 feet high, were met with in lat. 55° 46’ S., long. 
155° 56’ W. 

Jan. 1861.—In lat. 56° 10’ S., long. 160° 0’ W., an iceberg 500 feet high and half a 
mile long was found. 

Jan. 1867.—The barque “‘Scout”’ from the West Coast of America, on her way to 
Liverpool, passed some icebergs 600 feet in height and of great length. ‘ 

eae Pe odt Hf “Royal Standard” came in collision with an iceberg 600 feet in 

eight. 


1 It is a pity that at present no record is kept, either by the Board of Trade or by 
the Admiralty, of remarkable icebergs which may from time to time be met with. 
Such a record might be of little importance to navigation, but it would certainly be 
of great service to Science. 


312 James Croll—On the Glacial Epoch. 


Dec. 1856.—Four large icebergs, one of them 700 feet high, and another 500 feet, 

j were met with in lat. 50° 14’S., long. 42° 54’ E. 

Dec. 25th, 1861.—The “ Queen of Nations” fell in with an iceberg in lat. 53° 45’ S., 
long. 170° 0’ W., 720 feet high. 

Dec. 1856.—Captain P. Wakem, ship ‘Ellen Radford,’ found in lat. 52° 31’ S., 
long. 43° 43’ W., two large icebergs, one at least 800 feet high. 

Mr. Towson states that one of our most celebrated and talented naval surveyors 

informed him that he had seen icebergs in the southern regions 800 feet high. 

Mar. 23rd, 1855,—The “ Agneta”’ passed an iceberg in lat. 53° 14’ S., iong. 14° 41’E., 
960 feet in height. 

Aug. 16th, 1840.—The Dutch ship “‘General Baron von Geen’’ passed an icebere 
1000 feet high in lat. 37° 32’ S., long. 14° 10’ E. 

May 15th, 1859.—The ‘“ Roseworth”’ found in lat. 53° 40’ S., long. 123° 17’ W., an 
iceberg as large as ‘‘ Tristan d’Acunha.’’ 

In the regions where most of these icebergs were met with the 
mean density of the sea is about 1:0256. The density of ice is ‘92. 
The density of icebergs to that of the sea is therefore as 1 to 1:115; 
consequently every foot of ice above water indicates 8-7 feet below 
water. It therefore follows that those icebergs 400 feet high had 
3480 feet under water,—3880 feet would consequently be the total 
thickness of the ice. The icebergs which were 500 feet high 
would be 4850 feet thick, those 600 feet high would have a total 
thickness of 5820, and those 700 feet high would be no less than 
6790 feet thick, which is more than a mile and a quarter. The 
iceberg 960 feet high sighted by the “Agneta” would be actually 
9312 feet thick, which is upwards of a mile and three-quarters. 

Although the mass of an iceberg below water compared to that 
above may be taken to be about 8:7 to 1, yet it would not be always 
safe to conclude that the thickness of the ice below water bears the 
same proportion to its height above. If the berg, for example, be 
much broader at its base than at its top, the thickness of the ice 
below water would bear a less proportion to the height above water 
than as 8°7 to 1. But a berg such as that recorded by Capt. Clark, 
500 feet high and three miles long, must have had only 1, of its 
total thickness above water. The same remark applies also to the 
one seen by Capt. Smithers, which was 580 feet high, and so large 
that it was taken for an island. This berg must have been 5628 
feet in thickness. The enormous berg which came in collision with 
the “ Royal Standard” must have been 5820 feet thick. It is not 
stated what length the icebergs 730, 960, and 1000 feet high re- 
spectively were ; but supposing that we make considerable allowance 
for the possibility that the proportionate thickness of ice below 
water to that above may have been less than as 8°7 to 1, still we can 
hardly avoid the conclusion that the icebergs were considerably 
above a mile in thickness. But if there are icebergs above a mile in 
thickness, then there must be land-ice somewhere on the southern 
hemisphere of that thickness. In short, the great Antarctic ice-cap 
must in some places be over a mile in thickness at its edge. 

Few things have tended more to mislead geologists in the interpre- 
tation of glacial phenomena than inadequate conceptions regarding 
the magnitude of continental ice. Without the conception of con- 
tinental ice the known facts connected with glaciation would be 
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perfectly inexplicable. It was only when it was found that the ac- 
cumulated facts refused to be explained by any other conception, that 
belief in the very existence of such a thing as continental ice became 
common. But although most geologists now admit the existence of 
continental ice, yet, nevertheless, adequate conceptions of its real 
magnitude are by no means so common. Year by year, as the out- 
standing facts connected with glaciation accumulate, we are com- 
pelled to extend our conceptions of the magnitude of land-ice. Take 
the following as an example. Jt was found that the transport of the 
Wastdale Crag blocks, the direction of the striz on the islands of 
the Baltic, on Caithness and on the Orkney, Shetland, and Faroe 
islands, the Boulder-clay with broken shells in Caithness, Holderness, 
and other places, were inexplicable on the theory of land-ice. But 
it was so only in consequence of the inadequacy of our conceptions 
of the magnitude of the ice; for a slight extension of our ideas of its 
thickness have explained not only these phenomena,’ but others of 
an equally remarkable character, such as the striation of the Long 
Island and the submerged rock-basins around our coasts described 
by Mr. James Geikie. In like manner, if we admit the theory of 
the Glacial epoch propounded in former papers,” all that is really 
necessary to account for the submergence of the land is a slight 
extension of our hitherto preconceived estimate of the thickness of 
the ice on the Antarctic Continent. If we simply admit a conclusion 
to which all physical considerations, as we have seen, necessarily 
lead us, viz. that the Antarctic Continent is covered with a mantle 
of ice at least two miles in thickness, we have then a complete ex- 
planation of the cause of the submergence of the land during the 
Glacial epoch. 

Although of no great importance to the question under considera- 
tion, it may be remarked that, except during the severest part of the 
Glacial epoch, we have no reason to believe that the total quantity 
of ice on the globe was much greater than at present, only it would 
then be all on one hemisphere. Remove two miles of ice off the 
Antarctic Continent, and place it on the northern hemisphere, and 
this along with the ice that now exists on this hemisphere would 
equal, in all probability, the quantity existing on our hemisphere 
during the Glacial epoch; at least, before it reaches its maximum 
severity. 

How much, then, would the transference of the two miles of ice 
from the southern to the northern hemisphere raise the level of the 
ocean on the latter hemisphere? This mass, be it observed, is equal 
to only one-half that represented in our section. A considerable 
amount of discussion has arisen in regard to the method of deter- 
mining this point. According to the method detailed in my former 
papers (‘‘ Reader,” Sept. 2nd, 1865; Phil. Mag. April, 1866), which 

supposes the rise at the pole to be equal to the extent of the dis- 
placement of the earth’s centre of gravity, the rise at the North Pole 
would be about 380 feet, taking into account the effect produced by 


1 See Grou. Mac. for May and June, 1870, and Jan. 1871. 
2 See Phil, Mag. for March, 1870, March, 1874, May, Aug. Nov. 1868. 
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the displaced water ; and the rise in the latitude of Edinburgh would 
be 312 feet. The fall of level on the southern hemisphere would, 
of course, be equal to the rise of level on the northern. According 
to the method advanced by Mr. D. D. Heath (Phil. Mag. for April, 
1866, p. 323), the rise of level at the North Pole would be about 
650 feet. Archdeacon Pratt’s method (Phil. Mag. for March, 1866, 
p- 172) makes the rise still greater; while according to Rev. O. 
Fisher’s method (“ Reader,” 10th Feb. 1866) the rise would be no 
less than 2000 feet. There is, however, another circumstance which 
must be taken into account, which will give an additional rise of 
upwards of one hundred feet. 
(Lo be continued.) 


ITV.—On THE Grotocy or tHe NorrincHam Disrrict.! 


By the Rey. A. Irvine, B.A., B.Sc., F.G.S., 
Second Master of the High School, Nottingham. 

GLANCE at the map shows that within a short distance of the 

town of Nottingham there are Coal-measures, Permian, Bunter, 

Keuper, and Lias rocks. A paper therefore on the district must 

of necessity be somewhat lengthy, but perhaps of all the greater 

interest as dealing with the border-land of the Paleozoic and Mesozoic 

epochs. The generally supposed unconformability between the Per- 

mian and Triassic rocks does not appear to exist in this area; while 

that between the Permian and the Coal-measures is very consider- 
able. 

(1). Coal-measures.—There are seven seams of coal at present 
worth working in this coal-field, with many more of inferior quality. 
The uppermost of the seven is the “‘Top-hard” or “ Barnsley” Coal, 
the lowest the Kilburn Coal. Below the latter are the compara- 
tively worthless strata known as the “‘Ganister Beds,” which are 
found on the Derbyshire side of the coal-field, resting upon the 
Millstone-grit. The enormous unconformability between the Coal- 
measures and the Permian is shown by the fact that at the Shire- 
oak Colliery, near Worksop, 1800 feet of Coal-measures had to be 
penetrated in sinking the shaft before the Top-hard seam was 
reached ; while at Strelley, rather more than twenty miles to the 
south, the Magnesian Limestone is seen, as the author is informed 
by Mr. G. Fowler, C.E., resting immediately upon the same seam. 
This so far corroborates the opinion of Mr. Howell, that the 
axis of the elongated basin in which these Coal-measures probably 
lie is along a line passing north-west and south-east through 
Bradford and Worksop. At the same time it removes the Permian 
rocks, by an enormous space in time, from the Carboniferous Period. 
This removal is further shown by the examination of a fault at the 
Cinder Hill Colliery, at Basford. This fault has been found, by 
actual measurement in the pit, to have effected a displacement in 
the Coal-measures to the extent of 88 yards of throw, while the 
same fault, passing upwards through the Permian and Bunter rocks, 


? Being the substance of a paper read before the Geologists’ Association, March 6th. 
—Prof. Morris, F.G.5., Vice-President, in the Chair. 
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has affected both these series equally, but to the extent of only about 
thirty feet of displacement. The whole fault is therefore the result 
of two separate movements ; the first and greatest, Pre-permian; the 
second subsequent to the deposition of the Lower Bunter. 

The recent high prices of coal and the prosperous condition of 
Nottingham trade have led to many borings for that mineral in the 
neighbourhood ; e.g. at Chilwell, and at Highfield, both in the Trent 
Valley near Nottingham, and at Swinderby near Newark. At High- 
field, Coal-measures were entered after passing through nearly 100 ft. 
of Bunter rock ; and Coal has been cut at a depth of 254 ft. That at 
Swinderby is perhaps the most interesting boring going on anywhere; 
since, if scientifically conducted, it will throw great light upon the 
south-easterly extension of the Coal-basin, (which is considered by 
high authorities to include Newark and Lincoln,) and inferentially 
upon the physical geography of Carboniferous times—the extension 
of the old land surface believed to have occupied great part of the 
present German Ocean. At the colliery of Saul Isaac, Hsq., M.P., 
close by Nottingham, the Top-hard coal is cut at a depth of 70 yards, 
and the Deep-hard is worked at a depth of 270 yards. The Top-hard 
seam has been thrown down a distance of 95 yards on the south side 
of the pit, and is soon to be worked at that extra depth, on account of 
the great expense which is caused in the working of the Deep-hard 
seam, by a number of ‘step’-faults with a throw of 3 to 5 yards 
each, on the north side of the pit. The Coal is at present largely 
worked in the valley of the Leen, at Hucknall, and other places; 
and even through the Triassic rocks at Annesley. A pit is being 
also sunk on the north side of Bestwood Park. In this we see a 
speedy realization of the anticipation, by the late Sir R. I. Mur- 
chison, of the time when a general rise in the price of coals would 
lead to a great extension of the working of the seams; which, as he 
showed in his paper before the British Association at Nottingham, in 
1866, extend a long way to the eastward beneath the Permian and 
Triassic rocks. 

(2). The Permian.—The great unconformability between the 
Coal-measures and the Permian rocks is rendered the more signi- 
ficant by the absence of the Lower Red Sandstone (or Rothliegende). 
On the other hand, there are clear signs of continuous deposition of 
the Permian and Lower Bunter rocks, as is seen by examination of 
the sections exposed: (1) at Cinder-hill, (a) in the brick-yard, (b) in 
the railway cutting now in progress through the outlier of Bunter 
resting upon Permian rocks a little more to the North; (2) at 
Kimberley. The junction of these two (so-called) formations is 
marked by a band of breccia, the rocks above and below this band 
being conformable to one another. Moreover, as we pass south, the 
Permian strata disappear altogether, the Bunter overlapping them 
and resting immediately upon the Coal-measures. 

In the absence of paleontological evidence, what can we rely 
upon but stratigraphical data? And so far as this area is concerned, 
the latter seem to point to the Permian and Bunter as but por- 
tions of one great unbroken sequence of rocks with perhaps a 
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slight alteration of the shore-line at the horizon where the breccia 
occurs, deposited upon the much disturbed and denuded Coal- 
measures, and highly unconformahle to them. If therefore the 
Permian must needs be assigned to the Paleozoic epoch, the 
Bunter, it would seem, ought to go along with it; while a boun- 
_ dary line drawn above the Bunter would be perhaps more natural 
and more analogous to the line of demarcation between the Meso- 
zoic and Cainozoic epochs. Another way out of the difficulty would 
be, perhaps, to consider the Permian and Bunter as one great tran- 
sition series. After a careful perusal of the valuable memoir by 
Prof. Hull on the Permian and Triassic Rocks of the Midland Counties, 
and thus becoming acquainted with the meagre evidence on which the 
great line of demarcation between the Bunter and Permian rocks 
has been drawn in the northerm Permian area, the author feels com- 
pelled to attach some importance to the evidences of continuous 
deposition which are found in this neighbourhood. 

(3). The Bunter.—The Lower Mottled Sandstone does not attain a 
greater known thickness than one hundred feet in the Nottingham 
and Derbyshire area. Some good sections of it are seen at Basford, | 
Radford, and Lenton. At the last-named place it has been brought up 
by a fault of more than three hundred feet throw to a level with the 
Keuper. ‘This fault may be observed in the lane close to Highfield ; 
also about a mile to the west, and in the Wilford colliery, where its 
throw is proved by actual measurement. The “ Himlack Stone”’ on 
the north side of Bramcote Hill exhibits the junction of the Lower 
and Middle Bunter. It is marked by unconformability, and a bed 
of calcareous grit and breccia forms here the basement of the Pebble 
Beds. This clear boundary-line is by no means general; a passage 
marked by the gradual appearance of pebbles and hardening of the 
rock is far more common in the district. This passage may be well 
séen in several places ; as, e.g. on Nottingham Forest adjoining the 
race-course, at Basford, and in the road-cutting about a mile south 
of Mansfield. 

The Middle Bunter is evidently a shore-formation, with thick beds 
of sandstone, much harder than the Red and Mottled Sandstones — 
above and below. Intercalated bands of distinctly laminated 
micaceous deep-red sandstone, semi-consolidated gravels, and true 
conglomerates, containing an immense variety of pebbles (chiefly 
of quartzite), some well-rounded, others sub-angular, are its chief 
characteristics. The general prevalence of “oblique lamination” 
indicates an area of deposit subject to shifting currents, while 
the great quantity of sand mingled with the pebbles, as con- 
trasted with a shingle thrown up by a rolling surf (as eg. the 
Chesil Bank at Portland), seems to imply a shore somewhat protected 
from the open ocean. The cakes and lumps of red and purple marl 
found in the rock seem to indicate some disturbance of the Permian 
strata, supposing, as is probable, that they were derived from the 
Permian marls. The angularity of many of the contained fragments 
is well preserved, and they appear to have come from different sources 
at varying distances; even slabs of Millstone-grit and Yoredale 
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sandstones, distinctly angular, are to be met with imbedded in the 
hard sand rock. ‘The Castle rock, which overlooks the Trent, is of 
this sub-formation, and most of Nottingham is built upon it. The 
ancient cave-dwellings, which gave the name to the town, are ex- 
cavated in it. The Castle rock is traversed by a series of ‘master- 
joints,’ running in a north-westerly direction ; and joints parallel to 
these are to be observed at intervals all along the southern face of the 
rock. ‘The valleys formed by the erosion of this rock, and opening 
upon the Trent Valley, appear to have had their direction determined 
by these joints, which, as lines of weakness, must have facilitated 
denudation. 

The Upper Red and Mottled Sandstone, which overlies the Pebble 
beds in some parts of the Triassic area, but is usually considered to 
be wholly wanting in this district, seems nevertheless to be repre- 
sented by some fragmentary patches. From a description of one 
of these, so high an authority as Professor Hull has been led to 
acquiesce in this view of the author’s; but most of it was denuded 
away in the interval between Bunter and Keuperian times. 

The present Bunter country includes the old forest-lands of Sher- 
wood. It offers great advantages for water-supply, its porosity and 
underlier of marl allowing it to act as a huge reservoir. 

(4). The Keuper.cThe Lower Keuper strata or “ Waterstones,” 
consisting of alternating beds of sandstones and marls, are seen, in 
the few sections where the junction is exposed, resting upon the 
eroded or denuded surface of the Bunter. Close to Nottingham this 
has been observed, (1) in Red Lane, (2) in a culvert now covered 
over on the east side of the town (by Mr. E. Wilson, F.G.8.). At 
both these places the junction is marked by a bed of highly calcareous 
breceia, and there is unconformability between the two formations. 
The junction is also exposed in the hill-side east of Sneinton, where 
there is a marly breccia; and a still more interesting example of it 
was to be seen a short time ago in a culvert at the foot of Blue-bell 
Hill, close to Nottingham. Here the junction is marked by a hard 
red conglomerate (1 foot thick). This is surmounted by 8 feet of 
Keuper sandstones, interbedded with three well-marked layers of 
ochreous-yellow limestone, each about 3 inches thick. May not 
these be homotaxial with part of the Muschelkalk ? Above these 
the marls and ripple-marked sandstones come in. Some good 
sections of the Lower Keuper, showing the passage into the Upper 
Red Marls, may now be seen in the cuttings and tunnel of the’ 
railway in course of construction on the north-east of Nottingham. 
Footprints of Cheirotherium have been observed at Castle Donning- 
ton, and recently by the author at Colwick, near Nottingham. Rain- 
pittings, sun-cracks, and ripple-marks are also frequently met with. 
The latter are so common on the blocks of mudstone brought from 
beneath the Mapperley Plains as to form the rule rather than the 
exception. 

The Upper Keuper strata are much more marly in character than 
the Lower. The two members of the formation may be seen side by 
side, where a fault intersects the face of the cliff that overhangs the 
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Midland Railway and faces Colwick Hall. The upper series is 
marked here, as elsewhere, by the comparative absence of sandstones 
and the abundance of veins of satin-spar or “fibrous gypsum.” Here 
and elsewhere the author has noticed a general tendency of the direc- 
tion of the long prismatic crystals towards the vertical; a phenomenon 
as yet unexplained so far as he is aware. Gypsum of a more amor- 
phous character (“alabaster”) is largely quarried at Chellaston and 
Aston (where beds occur 9 feet in thickness), at Thrumpton, and at 
Newark. At the last-named place the beds are about a foot in thick- 
ness, though one bed attains a thickness of three feet, with numerous | 
thin veins ramifying in all directions, quite irrespectively of the planes 
of bedding of the marl. Rounded and lenticular masses of gypsum 
(some pure white, others of a delicate flesh-colour) are found here 
also, and have so contorted the strata above them as to give proof of 
their consolidation subsequently to the deposit of the marls. Pseudo- 
morphs of rock-salt have been found in the uppermost beds of the 
marls at Newark, Colwick, Blue-bell Hill, and Carlton, in addition 
to the places mentioned by the Government Geological Surveyors. 
The author has in his possession a slab (picked up at Newark by one 
of his pupils) on which the pseudomorphs are interspersed with fish- 
scales—precursors, as it were, of the Rhetic bone-bed. The total 
thickness of the Keuper is little, if any, more than 200 feet. 

(5). The Rhetic Beds. The black paper-shales were discovered by 
Mr. Etheridge a short time ago, at Hlton, near Nottingham, on the 
Great Northern Branch line; and the author has found there also a 
portion of the ‘ bone-bed.’ 

A section of Rheetic beds was found by the author last spring 
outside Newark, where are seen : 

1. Black ‘paper-shales’ abounding along a certain feet. 
horizon in Avicula contorta and Pullastra arenicola 10 
2. Grey and greenish marls pag) 50 Peso G60, bso ND) 
—25 
The uppermost zone, or ‘ White Lias,’ is not seen im sitd, but what 
appear to be fragments of it are found in the soil above, and, in 
one place, among a mass of disturbed materials, composed of black 
shales, much broken up and mingled with pebbles apparently from 
the Bunter. This mass is probably in one sense a ‘ boulder-clay.’ 

Another section of the Rheetic has quite recently been brought to 
light at ‘Spinney Hill’ near Leicester, and noted by Mr. J. J. H. 
Teall, B.A., F.G.S. 

(6). The Lias.—This formation plays but a subordinate part in 
the geology of the district, until we get into Leicestershire and the 
Vale of Belvoir. It caps the hills about Gotham and Thrumpton 
along the south side of the Trent, where no doubt Rhetic Beds 
might be discovered by digging into the flank of the hills. Belvoir 
Castle surmounts an escarpment of Marlstone of the Middle Lias, 
which abounds there, as in the Banbury district, with Rhynchonella 
tetrahedra and Terebratula punctata. 

(7). Drift and Alluvium.—A great part of the former appears 
to have been carried down into the valley of the Trent, where 
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extensive gravel-pits are worked, as at Beeston and Sawley. The 
pebbles and small boulders found in the gravels are very similar to 
those found im the drift, of which some detached portions may be 
seen at New Basford, Lenton, Cinder Hill, and Annesley. In these 
instances the drift lies immediately upon the Bunter Sandstone. They 
are all in the Leen basin; and supposing them to be of Post-glacial 
age, they would seem to indicate a comparatively recent date (speak- 
ing geologically) for the present valley of that river, which is 
certainly formed by the erosion of the Bunter, on which the drift lies 
in elevated positions. The abundance of Bunter pebbles at present 
scattered over the Permian strata in the Leen Valley affords corrobora- 
tive evidence of this former extension of the Bunter strata. The 
age of the Valley of the Trent is not so easily made out. From 
the occurrence of drift on the higher portions of ground included 
within its present basin, it would appear that the sculpturing of the 
main features of the landscape began during or before the Glacial 
Epoch. Great, however, as is the amount of alluvium and low-level 
gravel contained in the present valley, there van be little doubt that 
this is now the redeposited drift, since bones of recent Mammalia have 
been found in the river valley; notably in the sinking of the Wilford 
Pit, where they lay at the very bottom of the alluvial deposits, 25 feet 
below the surface. If, as it has been supposed, the Trent was once 
a tributary of the Rhine, that will only carry us back (according to 
Prof. Ramsay) to Miocene times. The question then arises whether 
the time between that and the Drift period is sufficient to allow for 
the denudation of the present area of Trent drainage, and the con- 
temporaneous cutting down of the two passages through the Oolite 
escarpment, one of which is now occupied by the Humber, the other 
by the Witham at Lincoln. 


NOTICES OF MEMOTRS. 
—~<~— 

J.—MINERALOGICAL OBSERVATIONS IN THE ARGENTINE REPUBLIC. 
Mineralogische Beobachtungen im Gebiete der argentinischen 
Republik von Anrrep Srrenzner. Mit chemischen Beitrigen 
von Max Stewert. Jineralogische Mittheilungen, 1873, Heft iv. 
pp. 219-254. 

N this paper Dr. Stelzner, of Cordoba, records the results of his 

mineralogical studies in certain parts of the Argentine Republic. 

The value of the communication is much increased by the analytical 

work contributed by Dr. Siewert. 

The Sierra of Cordoba, which stretches in a north and south 
direction over nearly three degrees of latitude, is formed of three 
parallel ridges, of which the central and most lofty, called the Sierra 
Alta, rises to a height of about 1200 metres above the surrounding 
pampas. ‘These mountains consist essentially of crystalline slates, 
associated with granite and other rocks. The granite is penetrated in 
many places by quartz-stocks, which are interesting for the sake of 
the accessory minerals they carry. Although consisting mainly of 
quartz, they invariably contain mica and large crystals of orthoclase ; 
and may thus represent a highly quartziferous variety of pegmatite. 
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Beryl occurs in fine crystals, in some cases measuring 10 c. m. in 
diameter and 30 c. m. in length; whilst apatite is found in similar, 
though much smaller, green crystals. Stelzner has discovered 
triplite—a phosphate of iron and manganese—in two varieties, the 
one light and the other dark coloured; the former represents the 
purer and fresher condition of the mineral. Analyses of both 
varieties are published by Siewert. The alteration of triplite has 
given rise to heterosite. Near San Roque Stelzner has discovered 
the rare mineral Columbite, specimens of which have also been 
analysed. Some interesting questions are suggested by the para- 
genesis of the minerals in these quartz-stocks, and their relation to 
similar occurrences elsewhere. 

Alternating with the old crystalline schists of the Sierra are cer- 
tain zones of crystalline limestone, which have been specially studied 
by Stelzner. As accessory minerals in these limestones, he mentions 
quartz, orthoclase, hornblende, magnesia-mica, titanite, garnet, 
pistacite, coccolite, scapolite, wollastonite, chondrodite, serpentine, 
ceylanite, calcite, and malachite. The description of these minerals is 
followed by an interesting discussion of their probable origin, with 
special reference to the development of mineral silicates in metamor- 
phic limestones. 

The third part of Stelzner’s paper describes the enargite lodes of 
the Famatina Mountains. A mineral associated with the enargite 
is described as a new species under the name of Famatinite. From 
Siewert’s analysis it appears to be a combination of the sulphides of 
copper, antimony, and arsenic; in fact, an antimonial enargite, in 
which part of the antimony is replaced by arsenic. Its composition 
may be represented by the following formula: 4(8Cu,S. Sb,8,) + 
(8Cu,8. As, §;). 

After describing the occurrence of a number of other minerals, 
more or less rare, Dr. Stelzner calls attention to certain sandstones 
exhibiting curious pseudomorphs after rock-salt. Some blocks of 
this stone have the surface studded with small hemispherical pro- 
tuberances, believed to be pseudomorphs after a peculiar form of 
saline efflorescence. The layer of sandstone immediately above 
this surface would necessarily show pits corresponding with these 
elevations, and resembling those lttle hollows which in many sand- 
stones represent rain-drops. Without denying that such impressions 
may be preserved under peculiarly favourable conditions, Stelzner 
raises the question whether some of the so-called “ fossil rain-drops ”’ 
may not be merely the concavities corresponding with pseudomorphs 
after an efflorescence of salt. F. 


2.—Uneur prez Bepevrune von TrernonRuNGEN IN DER Bercot- 
_zoNE GaAtiziens. By Fr. Juztius Norn. Jahrbuch der k. k. 
Geologischen Reichsanstalt, Jahrgang 1873, Band xxiii. No. 1, 
pp- 1-8, with 2 plates of sections. 
HE district in Galicia over which signs of mineral oil occur is 
said to be sixty miles (German) long, by an average of two 
to three wide, occupying a great part of the northern branch of the 
Carpathian Mountains. 
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From several shafts, not over 100 feet deep, as much as 3,000 
ewt. of mineral oil have been taken. Volatile gases are a danger in 
sinking shafts ; a spark struck from the tool will sometimes cause an 
explosion with fatal results, and cause the sinking to be abandoned : 
the gas is described as sometimes issuing from the pores of permeable 
sandstone with a loud hissing sound. In Middle Galicia, the most 
important locality for mineral oil is the neighbourhood of Dukla and 
Ropianka. Here 150 shafts have been sunk, and the yearly produce 
is about 20,000 cwt. The Ropianka oil appears of a dark-green 
colour, or by transmitted light brownish-red; its specific gravity is 
0-81 to 0-83; it contains paraffin. From one bore-hole of about 300 
feet deep, as much as 4,000 cwt. were obtained. The American 
system of rope-boring seems to be much used, but it is said to be 
useless for anything over 500. feet. Different qualities of oil— 
differing in composition—may occur in the same shaft, showing 
that there must be several sources, met with at different levels it 
may be, not in connexion with one another. 

The place of largest production in Galicia is Boreslaw, where in 
all 6,000 shafts have been sunk, mostly shallow ones, 98 feet to 180 
feet, from which 90,000 cwt. of oil and 45,000 ewt. of hydrocarbon 
of a waxy consistence have been taken. The total amount raised 
in Galicia in the last few years is estimated at 300,000 cwt., and its 
value, when refined, at £300,000. The author recommends that the 
State should undertake certain deep borings, as they seem to have 
done in the Coal-districts of Upper Silesia and Bohemia, with results 
very favourable to the prosperity of large districts. He thinks that 
the oil industry would be very largely increased thereby. At present 
the native supply is not sufficient for the wants of the population, 
and American petroleum is therefore imported. oa he 


3.—GEOLOGISOCHE DARSTELLUNG DER GEGEND ZWISCHEN CARLSTALT 

IN CROATIEN UND DEM NORDLICHEN THEIL DES CaNaLS DER Mor- 

nuaccA. By H. Tietze. Jahrbuch der k. k. Geologischen Reichsan- 

stalt, Jahrgang 1873, Band xxiii. No. 1, pp. 27-70. 

HE author of this report was commissioned to examine the above 

district at the instance of the military authorities in charge of the 

frontier, who experienced the greatest inconvenience from the great 
dearth of water in the district. This sketch does not extend over 
the whole of the ‘“ Karst,” or that Limestone and Dolomite range 
which extends from Carinthia and Istria, through Western Croatia, 
Dalmatia, and Albania, to Greece, on the eastern shore of the Adriatic; 
but it deals with a small piece of its length, but of the full breadth, 
taken out of the middle. The Croatian ‘“ Karst” is, speaking 
broadly, a grand saddle in a N.W. and §.E. direction of Triassic 
rocks, accompanied with Cretaceous beds on the flanks, and including 
many minor undulations. Similar petrological character and scarcity 
of fossils make it frequently impossible to distinguish the ages of the 
various Dolomites. 

The oldest beds in the district are some dark-grey, reddish, or 
violet Dolomites near Ogulin; they are sandy and very tough beds, 
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and gave much trouble to engineers of tunnels on the railway. 
They are probably of “ Wellenkalk” (Muschelkalk) age. Above 
these are black limestones, in which no fossils have been found, but 
which represent probably a higher stage in the Muschelkalk. As 
far as appearance goes, these are said to be easily mistakable for 
Lias or certain Cretaceous beds. Other grey or whitish thick lime- 
stones, forming the tops of many mountains, and even ranges, are 
referred to the Upper Trias; there is often a dolomitic breccia at the 
base of these. The Dolomites on the coast near Zenge have been 
referred by Stoliczka to the Cretaceous, but by Foetterle to the Trias. 
The Foraminifera, which the former thought he had found, are said 
by Fr. von Hauer to be too dubious. The present author, in the 
absence of fossils, is unable to decide definitely between the views 
of his predecessors ; but he inclines to consider them Trias. In the 
neighbourhood of Zengg is some porphyritic Diorite, which may 
probably be of Triassic age. 

The Lias has been known for some length of time to occur near 
Carlstalt; the fossils from here, determined by Schloenbach, were 
Upper Lias forms, Ammonites bifrons, etc. No fossils of other Lias 
horizons have yet ‘been found in this locality. 

Other beds, viz. those at the summit of the Stallak and Vinica, 
have been referred provisionally to the Jurassic, but no fossils have 
been found in either case. 

The Cretaceous beds occur chiefly on the eastern side of the saddle. 
Near Ogulin were found Radiolites abundantly, with Pecten, Nerinea, 
etc.; again near Carlstalt, small Caproting. Petrologically these 
differ from the Triassic limestones generally in being less tough. 

The next higher beds are the Nummulitic—whitish-yellow lime- 
stones. Brown and greenish sandstones of the Upper Eocene fill 
up the middle of the valley, the fruitfulness of which soil is in 
strong contrast to the barrenness of the surrounding districts. 

Near Bribir occurs some Lignite in the latest Tertiary or Quater- 
nary beds. Mastodon angustidens (Cuv.), Tapirus priscus (Kaup), 
and Cervus sp., were described from here by Hornes in 1848. 

There remains still the characteristic “terra rossa,’’ or red loam, 
the origin of which has given rise to discussion. Our author is 
opposed to its being considered a marine formation, and he notices 
that it does not occur in the sandstone districts—it seems to be con- 
nected with the limestone. As yet no fossil remains have been 
found in it. He connects it with the hollowing out of the caverns, 
and refers its formation to the latest Tertiary period immediately 
before the Glacial epoch. 

With respect to the hydrographic relations of the district, the case 
seems simply this :—the limestone is so cut up by clefts and cavities 
that no rain can give rise to a system of streams, it all disappears 
through the rock-fissures which communicate below ground. The 
subterranean erosion must be immense. Near Ogvulin- the R. Dobra 
disappears below ground, but further east, near Popovosello, the 
other side of the mountain, it emerges again into daylight. This is 
similar to the disappearance of the RB. Poik in the Adelsberg cavern 
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These subterranean rivers are very characteristic of the ‘“ Karst” 
district, being numerous here, though of course they occur elsewhere. 

Another feature of the district are the periodical lakes, e.g. the 
Zirkinitz lake. ,In these cases after prolonged rain, or melting of 
snow, the plain will be covered with water; this is no mere over- 
flowing, the water does not come off the hills merely,—it comes 
mostly from below, either directly from clefts or welling up through 
gravel. Our author explains the rise of water through the damming 
back of the water from overfilled subterranean channels. The 
description of the so-cailed “ Doline” corresponds exactly with the 
“swallow-holes” of N. England ; they are said to be very numerous 
in the Karst. 

The great absence of springs of water has caused this district to be 
called the ‘‘stony Arabia of Austria.” The inhabitants are mostly 
obliged to rely on rain water collected in ponds, and sometimes have 
to drive their cattle three hours to water. The parts covered with 
luxuriant forest are just as devoid of springs as the rest of the 
district, so that no mere: planting would do any good. Artesian 
wells are impracticable, owing to the fissured state of the limestone. 
In fact it is recommended to form proper reservoirs for retaining the 
rain, water, of which there is a good supply, the annual fall being 
4-42 cubic feet to the square foot of area on an average. LE. B. T. 


4.—GnoLociscus UEBERSICHTSKARTE DER CHSTERREICHISCHUNGAR- 

IsCcHEN Monarcuiz. Blatt 8. Siesenpurcey. By Franz Rirrer 

von Haver. Jahrbuch der k. k. Geologischen Reichsanstalt, 

Jahrgang 1873, Band xxii. No. 1, pp. 71-115. 

HE explanation of Sheet 8 is divided into three parts, the three 
mountain systems which surround Siebenburgen (Transylvania) 
being described separately. 

1. The Carpathians.—Crystalline schists are found in the Buko- 
wina, etc., both micaceous and chloritic, and with quartzites. Some 
beds that were formerly placed in this category have been shown to 
be Trias. 

Of sedimentary formations the oldest is the Dyas (Permian), 
consistine of quartz conglomerates and quartzites. These were 
formerly mapped as Greywacké. Of the Trias the lower division is 
represented by fossiliferous beds over 2,000 feet thick, and referred 
‘to the Werfen shales and Guttenstein Limestone (Muschelkalk). 
The Upper Trias is represented by various Dolomites and by Red 
Marble, with Ammonites Metternichii and globose species, probably 
of Hallstadt age, as well as by shales with Halobia. The Lower 
lias is found near Kronstadt, and contains coal-beds; then come 
shales with Belemnites pazillosus; further the red Adneth beds 
(Upper Lias) with numerous Ammonites occur. 

Of the Oolitic rocks some of the upper stages, viz. beds with 
fossils similar to those of the Stramberg horizon. Of the Cretaceous 
several divisons occur. Lower Neocomian, shales and limestones 
with Aptychus; Upper Neocomian; Upper Chalk, and Marls with 
Belemnitella mucronata. 
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Eruptive rocks occur, melaphyre, porphyrite, ete. 

One colour is used for the Carpathian sandstone. It is not 
attempted to divide it into Cretaceous and Hocene divisions; the 
Nummulitic beds, however, are separately mapped: the conglomerates 
connected with the Hocene are described as many thousands of feet 
thick. 

The varieties of Trachytic eruptive rocks of Hocene age seem to 
be numerous. 

2. The Southern Transylvanian and Banat Mountains. 

The crystalline rocks are represented by mica schist and gneiss, 
for which one colour is used, hornblende and chlorite schists being 
frequently intercalated. In one district eruptive quartz-porphyry has 
broken through these; in one place granite is in contact with Per- 
mian strata, at another it contains pieces of sedimentary rock, which 
seem to be carboniferous, and give a post-carboniferous age to the 
eruption. Again, Neocomian Limestones have been altered by con- 
tact with the granite, showing that the granite is here newer than 
the Lower Cretaceous beds. 

Besides the granite, there are porphyry and tuffs of Cretaceous age, 
the latter containing Cretaceous plants. 

Of sedimentary rocks in this district we have Carboniferous shales, 
limestones and sandstones, with Crinoids, Corals, and Plants, a coarse 
conglomerate being at the base. The Permian exists as greywacké 
with some red shale, and has trap-ashes connected with it. Fossils 
have been found, the plants indicate the existence of two or three 
horizons. The Trias may be present, but details are wanting to 
enable it to be separately mapped. The Lias is an important forma- 
tion, from the considerable Coal-bed which it bears in the Steyerdorf 
district. Both Lower and Middle Lias are present. 

The sandstone between two of the Coal-beds has yielded a rich 
fossil flora; the age is probably Am. planorbis zone of Lower Lias. 
Jurassic beds are present, the A. Murchisone zone of the Inferior 
Oolite, probably some of the higher zones, and even the Bath Oolite. 
At Swinitza the Oolites, though rich in Ammonites, are only six feet 
thick altogether. 

The Upper Oolite is represented, but its divisions are not sufficiently 
worked out. Of the Lower Cretaceous some beds are referred to the 
L. Neocomian and considered to be the age of the Berrias beds, others 
to the Aptien, viz. Upper beds at Rossfeld. The Upper Neocomian 
is also shown by beds with Rudistes and Caprotina. The Upper 
Cretaceous is represented by beds of the Gosau type, and by beds 
with Exogyra columba (Cenomanien). 

The Eocene occupies a very much smaller area in the Banat than 
in the other districts east and west of Siebenburgen. The newer 
Tertiaries are represented in the Schylthal by coal-bearing beds ; 
fossils show them to be of the age of the freshwater Molasse 
(Miocene). In the neighbourhood of Dobra the Cerithium beds of 
the Miocene occur. 

3. The Mountains of the Western Transylvania Boundary. 

The crystalline rocks are represented by mica schist, gneiss, and 
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clayslates, the schistose group occupying a larger area by far than 
the massive crystalline rocks, granites, Diorites, etc. 

The eruptive rocks are numerous; red porphyries occur in the 
Dyas and Trias districts. Lias beds have been altered in one case, 
here the eruption would be probably of Jurassic age; Augite- 
porphyry, Melaphyr, and Syenite (the latter eruptive through Lias) 
occur. The trachytic rocks are present in three groups, viz. 
Propylite (Dacite and Greenstone Trachyte), Trachyte proper 
(Andesite), and Rhyolite. Their eruption took place in newer 
Tertiary times. 

Of the sedimentary rocks the Carboniferous are the oldest in this 
district. 'The Permian (Dyas) is probably present ; the separation 
between it and the Trias being indistinct. The Muschelkalk is pro- 
bably represented by limestones and Dolomites, but no fossils have 
been found. The oldest fossils are those of the Lias, but there are 
no Coal-beds in Lias beds in this district. Oolitic beds are found— 
the Cretaceous are largely developed. The Rossfeld beds (L. 
Neocomian) contain 4mm. cryptoceras; above the Caprotina limestone, 
beds with Gosau fossils occur. 

The Eocene rocks are thick and cover a large area. Stache has 
separated them into three groups, viz. Lower Eocene, freshwater 
mostly, Chara seeds, Paludina, etc. Middle Eocene, marls with 
Nummulina perforata, limestones with N. levigata, and gypsum- 
bearing beds. Upper Hocene, includes beds which may be of L. 
Miocene (Aquitanien) age. 

Newer Tertiary beds,—the three stages of the Vienna Tertiaries 
occur, the Marine, the Sarmatic, and the Congeria beds, but they are 
not always separately mapped. 

The paper ends with a few words on the Transylvania midland 
district, which is entirely newer Tertiary or Quaternary.—H. B. T. 


5.—Brrer ABSTRACTS. 


1.—BrrrrancE zUR KENNTNISS FOSSILER BINNENFAUNEN. By THEODOR 
Fucus. Jahrbuch der k. k. Geoiogischen Reichsanstalt, Jahrgang 
1873, Band xxiii. No. 1, pp. 19-26, with 2 plates of fossils. 
iS this paper some new species from the Vienna Tertiaries are 
described and figured ; they are as follows: 


From the Congeria Beds. 


Melanopsis. avellana. Cardium Neumayert. 
obsoleta. Karrert, 
Sturt. pseudo-obsoletwum. 
Melania Letoche. Dreissenomya intermedia. 
From the Sarmatic Stage. 
Turbo Aningert. ! Melania applanata. 
Malania suturata. | Syndosmya sarmatica. 
Bel. 


2.—Jonus, Prof. T. R. Flint: its Nature, Character, and Adapta- 

bility for Implements. Reliquie Aquitanice, parts xiv., Xv., pp. 
202, 205. 4to. [1874.]. 

Flint, in one condition or another, is found in most calcareous 
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rocks. It occurs as sheets and as nodules, generally in beds. It is 
homogeneous and consists of silica, not so pure, however, as is the 
case with quartz. This silica, once in solution, has been accumulated 
round sponges, etc., changing some of the surrounding chalk into its 
own substance. 

Flint has yielded fit material for fashioning into tools or weapons, 
the application of blows and pressure producing sharp flakes, the 
substance is also capable of being dressed into definite shapes. 

The surfaces of broken flints suffer changes from exposure and 
from moisture, becoming opaque, and often shining when affected by 
alkaline water. 

The note concludes with a list of the chief works relating to the 
subject. 


3.—Lows, W. B. Geological Section [Report of]. Rep. Rugby 
School of Nat. Hist. Soc. for 1872, pp. 47-49 (2 plates). [1878.] 
Notes the occurrence of the rare Discina Holdeni in the Lias at 
Hillmorton Pits, of bones in various later deposits, and of various 
other fossils. Gives a section of Drift over Lias at Rugby Pit, and 
sections of gravel, etc., along a sewer in Hillmorton and Clifton 
Roads. A detailed account of the section at the Victoria Lime 
Works to a depth of 72 feet, through Lias clay and stone, is also 
given in plate vi. W. W. 


4.—Satter, J. W. A Catalogue of the Cambrian ‘and Silurian 
Fossils in the Geological Museum of the University of Cam- 
bridge. With a Preface by the Rev. Prof. A. Smpe@wicr, and 
a Table of Genera, etc., by Prof. J. Morris. 4to. pp. xlviil. 
and 204. Cambridge, [1873]. 

The greater: part of the long preface is taken up with an account 
of the Cambro-Silurian controversy, in which Prof. Sedgwick fully 
states his own views and their history. 

This is followed by a Table of the Classification of the Lower 
Paleozoic rocks according to Sedgwick, Murchison, Jukes, Lyell, 
Phillips, and the Geological Survey. Prof. Morris contributes a 
summary of the contents of the Catalogue, and a Table of the Range 
of the Genera. 

‘The Catalogue is illustrated by woodcuts and arranged stratigraphi- 
cally, beginning with the lowest beds. An elaborate geological map 
(woodcut) of Portmadoc Estuary, with a multitude of faults, is given 
at p. 9. There are many paragraphs on the stratigraphical relations 
of the beds, ete. W. W 
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J.—GzocnostiscHe Kartr pER UmcrcEenp von HE&IDELBERG. 
Bearbeitet von Dr. H. W. Bzyecke und Dr. EH. OC. Coney. 
Blatt II. Srysnem. Strassburg: Karl J. Triibner, 1874. — 
HIS second part of a very elaborate map of the geological features 

of that portion of the Grand-Duchy of Baden which les to 
the traveller’s immediate left hand during a railway journey from 
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Heidelberg to Carlsruhe has just been issued by Dr. Benecke and 
Dr. Cohen. The district examined stretches as far south as Stettfeld, 
and as far east along the Mosbach road as Waibstadt, and includes 
the neighbourhood of Sinsheim and a considerable portion of the 
valley of the river Elsenz. Deposits ranging from the Bunter Sand- 
stein and the several divisions of the Muschelkalk up to the Loess, 
not to mention eruptive beds of nephelinite, are given in colour; 
and the use of the map for field-work is greatly enhanced by the 
introduction of contour lines faintly marked with red. ‘Blatt I.,” 
which will embrace the town of Heidelberg and the area immediately 
north, is to appear next year, and will be accompanied by an explana- 
tory text. It would perhaps still further increase the usefulness of a 
very excellent map if deposits which have been turned to economic 
purposes were also indicated. We have been led to make this re- 
mark, as we find, for example, at Altwiesloch, no mention of the beds 
of zinc ore which occur there. Mr. Karl Triibner’s Geological Map 
will doubtless prove very acceptable to the numerous students in the 
ancient University of Heidelberg and elsewhere. 


II.—Manvats or HEiementary Science. Gerotocy. By T. G. 
Bonney, M.A., F.G.S., ete. Foolscap 8vo., pp. 128. Illustrated. 
(London: Society for Promoting Christian Knowledge.) 


\HE above is one of a series of Hlementary Manuals now being 

published by the Society for Promoting Christian Knowledge, 

and is intended by the author to serve as an introduction to the more 
advanced text-books on the science. 

The principal features of the work are, first, a description of the 
chemical composition, etc, of the various rocks and minerals. 
Secondly, the modes of operation of the various agents producing 
changes of the earth’s surface, which are treated of at some length 
and in an admirable manner. And, finally, a brief description, con- 
densed into three chapters, of the various sedimentary rocks in 
chronological order, commencing with the oldest. With each series 
is also given its locality, extent, character, and “Life History.” 
Mr. Bonney’s style of writing is simple and popular, and, we should 
think, would certainly be “intelligible to any fairly educated boy or 
girl of fifteen.” So that the book forms a convenient stepping-stone 
between the little “Science Primer” by Prof. Geikie (mentioned in 
a previous Number) and the more advanced works on Geology. 

The “ get-up” of the work in other respects, as compared with 
that of the “Science Primer,” is poor. Though the type is clear, 
the paper is inferior; and some of the woodcuts have a worn-out 
and old-fashioned aspect, thereby greatly detracting from the value 
of the book, and giving the impression that the publishers had an 
eye to economy. We trust they will spend a little more in illus- 
trating the next edition, and also the remainder of the set, for 
without good figures works of this kind are useless for teaching 
purposes. 
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GroLocicaL Socrmty or Lonpon. 

April 15th, 1874.—John Evans, Hsq., F.R.S., President, in the 
Chair. The following communications were read :— 

1. “About Polar Glaciation.” By J. F. Campbell, Esq., F.G.S. 

The author commenced by referring to a reported statement of 
Prof. Agassiz, to the effect that he supposed the northern hemisphere 
to have been covered in glacial times from the pole to the equator 
by a solid cap of ice. He described his observations made during 
33 years, and especially those of last summer, when he travelled 
from England past the North Cape to Archangel, and thence by 
land to the Caucasus, Crimea, Greece, and the South of Europe. 
His principal results were as follows :—In advancing southwards 
through Russia a range of low drift hills occurs about 60° N. lat., 
which may perhaps form part of a circular terminal moraine left 
by a retreating polar ice-cap; large grooved and polished stones of 
northern origin reach 55° N. lat. at Nijni Novgorod, but further east 
and south no such stones could be seen. The highest drift beds along 
the whole course of the Volga seem to have been arranged by water 
moving southwards. In America northern boulders are lost about 
39°, in Germany about 55°, and in Eastern Russia about 56° N. lat., 
where the trains end and fine gravel and sand cover the solid rocks. 
Ice-action, in the form either of glaciers or of icebergs, is necessary 
to account for the transport of large stones over the plains, and the 
action of moving water to account for drift carried further south. 
There are no indications of a continuous solid ice-cap flowing south- 
ward over plains in Europe and America to, or nearly to, the 
Equator; but a great deal was to be found on shore to prove ancient 
ocean circulation of equatorial and polar currents, like those which 
now move in the Atlantic, and much to prove the former existence 
of very large local ice-systems in places where no glaciers now exist. 


Discussron.—Mr. Belt stated that he had been over much of the same ground as 
the author, but had come to quite opposite conclusions. He agreed with Mr. Camp- 
bell that boulders only come down to a certain point, but he considered that the 
very plains themselves are proofs of glacial action. He thought that the absence of 

boulders is only a proof that there was no chain behind which could supply the 
requisite rock, and in this case the only signs of the existence of a Polar ice-cap 
would be due to the blocking up of the drainage by it, resulting in the formation of 
the plains of Siberia. 

Prof. Ramsay thought that the ideas put forward by the author were in accordance 
with those of previous writers, but he considered that he exaggerated the power of 
ice in the shape of icebergs to effect changes. ‘The question was whether there were 
ice-caps moving towards the equator, or whether the configuration of the mountain 
regions might have produced the observed effects. He expressed himself satisfied 
that the present configuration would account, at least to a great extent, for the 
changes which have taken place. The boulders found on the great plain of Russia 
might have been conveyed either directly by glaciers, or by icebergs broken off the 
ice-cap itself. Boulders have been seen 40 miles north of the Caucasus, proving the 
existence there of great ancient glaciers. The absence of boulders on the plains of 
Siberia was, he thought, to be accounted for by the absence to the north of Siberia 
of high land from which such boulders could be carried. d 

Mr. Drew thought that sufficient consideration had not been given to the relative 
levels of the old and new glaciers. In Cashmere he had observed a difference of 
5000-6000 feet. 
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Prof. Hughes thought that the theory of ice-caps spreading in both hemispheres 
from the poles to near the equator hardly deserved discussion, seeing that no facts 
which could not be otherwise explained had been adduced in support of it, whilst it 
involved great physical difficulties, and was quite inconsistent with the continuity of 
the forms of life from pre- to postglacial times. The question before them seemed 
to be whether a smaller general drifting from northern circumpolar regions, either of 
land- or floating-ice, would better account for the phenomena observed by the author 
than a dispersion of boulder-bearing ice in all directions from local centres, especially in 
the case before them from North Scandinavia. He always understood that the borders 
of N. Germany and W. Russia could be traced to that mountain-district, and that 
there was proof that the ice travelled to the north as well as to the south. Unless, 
therefore, the author showed that some of the boulders could have been derived only 
from circumpolar regions, he could not see the necessity of calling in anything more 
than changes of level of various parts of the northern hemisphere along well-known 
lines of elevation and depression to explain all the phenomena observed. He ques- 
tioned the accuracy of the view that glacial conditions prevailed at the same time 
over the whole of even one hemisphere; and referring to the observations of Mr. 
Drew, pointed out that if the glaciers of any mountain-region were shown to have 
once descended 3000 to 6000 feet lower than the present ice-foot, it was only necessary 
to raise that chain 3000 to 6000 feet to make the glaciers descend to their ancient 
level again. 

Mr. Whitaker thought that the broad points of the paper had been lost sight of. 
The rounded configuration of rocks in Norway he regarded as clearly of glacial origin, 
but as the effect rather of a great extension of glaciers than of a true polar ice-cap. 
In Britain the glacial drift towards its southern limit is almost wholly marine, and 
certainly not due to the action of land-ice, so that it is distinctly opposed to the notion 
of the southern extension of the ice-cap. He could not believe in the existence of 
such a cap extending as far as the equator. 

Mr. Topley thought that Mr. Campbell’s views as to permanent areas of glaciation 
and non-glaciation due to cold and warm currents did not suffice to explain the facts ; 
nor did he think that a warm current could have passed over the plains of Russia. 
He remarked that there is no drift in the South of Europe, and that a line running 
nearly in the latitude of Dover would mark the southern limit of the drift. 

Mr. Prestwich said that he admired Mr. Campbell’s paper, and recognized that the 
difficulty in this case lay in determining the boundary between the action of land- and 
sea-ice. He thought that the existence of a Gulf-stream traversing Eastern Europe 
was not proved. In the eastern counties of Great Britain there is evidence of sub- 
mergence in Glacial times, and marine drifts also exist in Brittany. Jf Northern 
France were submerged, ingress might be afforded to warmer water. 

Mr. Blanford considered that the difference in the faunas of the Black Sea and of 
the Caspian was so great as to furnish a strong objection to there having been a 
branch of the Gulf-stream passing on towards Siberia at so late a geological period, 
as this must have brought about a closer resemblance between the faunas. He 
objected to blocks found at a considerable distance from mountains being regarded 
as true ice-borne boulders unless they were striated or polished, seeing that blocks 
three or four feet in diameter might be seen in Persia, which had been carried five 
miles or more by the water of insignificant streams. In Persia the country, although 
greatly elevated above the sea-level, is covered with drift, but there are no signs of 
striation on the pebbles. In Central Asia, again, long ranges of from 5000 to 6000 
feet high show no glacial markings. In his opinion the ice-sheets were entirely local. 

The President remarked that the question of glaciation has always been a puzzle. 
He thought that the notion of great ice-caps covering the northern and southern 
hemispheres could not be maintained, since it involved the destruction and new 
creation of the entire fauna and flora. If the boulders referred to by Mr. Campbell 
were of northern origin, there must have been a flow of water from north to south. 
It seemed to him difficult to conceive how a current from the Atlantic could have 
passed over the high lands of Greece. He thought the question as to the glaciation 
of the Caucasus of much interest. It is difficult to conceive how so vast a denudation 
as that described could have occurred without either heavy rains or glaciers, but no 
rains occur there at present. An alteration of level would affect the temperature. 

Mr. Campbell, in reply, stated that he had seen it given as Prof. Agassiz’s opinion 
that the ice-caps had extinguished all lite. He remarked that the boulders have 
travelled at least 500 miles from their original bed over level ground. 
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2. “Note regarding the Occurrence of Jade in the Karakash 
Valley, on the southern borders of Turkestan.” By Dr. Ferdinand 
Stoliczka, F.G.S., Naturalist attached to the Yarkund Mission. 

In this paper the author described the jade-mines on the right 
bank of the Karakash river formerly worked by the Chinese. There 
are about 120 holes in the side of the hill, and these at a little 
distance look like pigeon-holes. The rocks are a thin-bedded, rather 
sandy syenitic gneiss, mica- and hornblende-schists, traversed by 
veins of a white mineral, apparently zeolitic, which in turn are 
traversed by veins of jade. 

Discusston.—Mr. Topley stated that a good description of these quarries had 
appeared in ‘‘ Macmillan’s Magazine.” 

Mr. Rudler said that they had also been described in a German periodical. 


The President remarked that in the account of the mission to Yunan jade was said 
to occur in rolled blocks in river-beds, and not to be found in siti. 


Gurotocists’ ASSOCIATION. 
j.—Visit To THE Brrrisu Museum, Marcu 24.—The members, headed 
by Prof. Morris, proceeded to the Mineralogical Department, where 
they were received by Prof. Maskelyne, who described a portion of the 
collection under his charge. The learned Professor directed the at- 
tention of the party principally to the Rock-forming minerals. Free 
Silica, under the various forms of Rock-crystal, Quartz, Opal, ete., 
was first touched upon, and the splendid series of crystals belonging 
to this group brought under the notice of the party. The earthy 
Carbonates were next noticed and described ; and the Professor, after 
directing attention to the Hornblende and Augite series, concluded 
a most interesting address, in the course of which he took the op- 
portunity of impressing upon members the great similarity, yet 
important differences existing between these two groups of minerals. 
TI.—Excursion to Oxrorp, Hasrrr Monpay, 6TH APRIL, AND 
FOLLOWING DAY.—The party, consisting of numerous members from 
the metropolis, and several from different parts of England, met in the 
new University Museum at noon. They were there most cordially 
received by Prof. Phillips, who at once proceeded to announce the 
programme of the day’s work. This was—A preliminary sketch in 
the lecture-room, by the Professor, of the Geology of the Middle Oolites 
as developed in the neighbourhood of Oxford. Demonstration by the 
Professor of the Local Collection in the Museum, illustrating the above. 
Lunch at the Professor’s private residence. A walk to Shotover, under 
the guidance of Mr. Parker. Tea and conversazione at the Professor’s 
private residence in the evening. In the course of his remarks, Prof. 
Phillips pointed out the character of the low-level gravels in the 
valleys of the district, their composition mainly Oolitic, with some 
admixture of quartzites, felstones, and grits; elephants’ teeth abundant. 
The Oxford-clay in the neighbourhood of the city 600 feet thick. 
Towards the upper part of the formation, at the brick-yards of St. 
Clements, Am. vertebralis is an abundant fossil. The valley of the 
Cherwell is cut down to this clay. On ascending the flanks of 
the valley, it is succeeded by seventy feet of calcareous grit, a loose 
sandy rock in parts cemented by carbonate of lime. Fifty feet of 
Coralline Oolite succeeds, rich in corals and shells. From the 
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position in which these masses are now found, it is not probable 
that they represent actual coral reefs, such as are at present growing 
in the Indian and Pacifie Oceans, but rather that they are the results 
of drifted masses, like the Bermuda reefs, partially grown over by 
other corals, and full of shells. About one hundred feet of Kim- 
meridge-clay rests on the water-worn surface of the last formation. 
It is tolerably uniform in its composition ; and produces fine Selenite 
crystals, especially in its lower parts. ‘The upper beds are the most 
fossiliferous, and abound with the remains of Saurians; Osirea 
deltoidea the most characteristic fossil. Sandy beds of Portlandian 
age succeed, and the whole is capped by an Ironsand series of 
Wealden age, about eighty feet in thickness. The party had an 
opportunity, under the guidance of ‘Mr. Parker, of verifying the 
above remarks, by actual inspection of the numerous pits and quar- 
ries between Oxford, Shotover, and Heddington. 

On the following day an early start was made. Prof. Phillips 
‘conducted the party to Charlbury, and was ably assisted by Mr. 
Parker, who served out to each member a lithographic map of the 
valley of the Evenlode, drawn and geologically coloured by himself. 

From Charlbury on the West to Handborough on the Hast, a 
distance of about seven miles, there eccur the following formations, 
commencing from the West: 


Marlstone ... oe bee 16 Great Oolite. 
Upper Lias... aes ae 10 Forest Marble. 
Inferior Oolite ... ai 12 Cornbrash. 

Walking back from Charlbury along the line, the party entered 
a cutting of Inferior Oolite, and the members immediately pro- 
ceeded to hunt for fossils. The Oclite here is a pale yellow Rag- 
stone, containing a fair number of shells belonging to the Clypeus 
grit, which is probably the topmost member of the Parkinsoni zone. 
Opposite Fauler the Marlstone is being excavated for Ironstone. 
Here there is a fine section, exhibiting the Marlstone, Upper Lias, 
and Inferior Oolite, one above the other, in the most striking contrast. 
The whole section cannot exceed forty feet, and this is all that repre- 
sents beds, which, at Cheltenham, attain a thickness of more than 
six hundred feet. ‘The Upper Lias consists of blue sandy clays (not 
obviously fossiliferous), and on this rests the yellow rubbly Inferior 
Oolite. A remarkable feature here is a thin bed of rolled shells and 
pseudo-pebbles, resembling the Dogger of the Yorkshire coast. 
Instead however of Terebratula trilineata, the chief shell here is 
Rhynchonella tetrahedra. - 

The party now bid farewell to Prof. Phillips, who found it 
necessary to return,' and proceeded towards Stonesfield under the 
guidance of Mr. Parker. Piles of débris, the result of ages of 
mining for “Slate,” are here seen to cover the hill-side: Several 
good things were obtained by members of the party. The most 
common shells appear to be Trigonia impressa and Gervillia acuta, 
generally small. ‘Traversing the Great Oolite and Forest Marble, 
the party returned by way of Handborough to Oxford. 


1 This was his last farewell to the Association, he died on the 24th April. See 
Grou. Maa. for May, page 240. 


feet } Stonesfield Slate. 
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CORRESPONDENCE. 


NATURE OF VOLCANIC HEAT. 

Srr,—In reference to Mr. Scrope’s letter in the GroLoGIcAL 
Macazine for May, 1874, p. 237, I must exonerate myself from 
that gentleman’s charge of “persistently continuing to saddle him 
with the advocacy of one or both theories as to the origin of volcanic 
heat, viz. a liquid nucleus and thin crust, or Hopkins’s fiery lakes.” 

An author’s notions are usually gathered from his acknowledged 
systematic works, and not from scattered magazine articles. I 
am much mistaken if Mr. Scrope has not throughout his systematic 
works adopted one or both of the above theories. On reference to 
the articles in your Macazinu from Mr. Scrope’s pen, referred to by 
you in your foot-note (Gronocgican Magazine, March, 1874, p. 127), 
as modifying or repudiating the above theories, I am compelled to 
repeat what I have already stated in your April Number, that 
nothing contained in them appears to me to justify the statement 
made by you that I “misapprehended,”! and now by Mr. Scrope him- 
self, that I have misrepresented him. 

Whether Mr. Scrope’s subterraneous reservoirs be left as unex- 
plained as to their origin, as Hopkins left his lakes, or be assumed to 
be derived from arise in geothermal temperature produced by deposi- 
tion of sediment, makes no difference as respects the validity of the 
objections which I have urged as equally applicable to both. No body 
can raise the temperature of another by conductive transference of part 
of its heat to a temperature as high as its own. If, therefore, the sub- 
cortical matter of our globe, as Mr. Scrope terms it, ‘‘ passes locally 
under varying conditions of heat and pressure” . . . “to a 
liquid or even vaporous state,’”’ there must be matter more deeply 
situated at a still higher temperature, i.e. there must be a liquid 
nucleus. Things as essentially different and distinct as are the views 
which I have enunciated as to the nature and origin of volcanic heat 
and energy from those anywhere enunciated by Mr. Scrope, may 
easily be made obscure or confused by fragmentary controversy. I 
must therefore decline to go farther in this direction. I have re- 
duced my own views as to the nature and origin of volcanic heat to 
the brief and unmistakable form of a definition (Phil. Trans. 1873, 
vol. i. para. 67, p. 167). Every clear-cut thought and theory can be 
reduced to the same form. That neither I nor your readers may 
mistake further (if I have already done so at all) Mr. Scrope’s 
views, will he be good enough to reduce them to a definition ? 
Definitions do not involve any dogmatism, and are extremely 
serviceable in preventing misconceptions, whether arising from 
obscurity of expression or of thought. 

15th May, 1874. Ropert Matter. 


A PROPOSAL FOR A SWISS GEOLOGICAL RAMBLE. 


Srr,—I beg leave to draw the attention of the readers of the 
GxonocicaL Macazrne to a proposed Swiss tour, which might be a 


1 We are content to refer the impartial reader to the articles in question and to 
Mr. Poulett-Scrope’s published works.—Evrr. Grou. Mae. 
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very delightful and instructive holiday, and certainly a less expensive 
trip than one of equal length in dear (very dear) old England or 
Scotland. 

But first I must briefly explain my connexion with the plan. 
Often, very often, I have fervently wished, during my excursions in 
the Alps, that a Swiss man of science could have been with me to 
explain the wonderful geological phenomena surrounding me, instead 
of having slowly to work out so much as there was time to unravel, 
with books (of course left in the valley) as my only assistants. 

I therefore mentioned amongst my friends how charming it would 
be to make up a party and secure the kind assistance of an enthusiastic 
geologist possessed of familiar knowledge of the localities we should 
visit. 

Many friends fell in with the idea, and asked me to take charge 
of the party and to occupy the place of the ideal geologist, for whose 
presence I have so often wished. 

Now with regard to the guidance of the party, I have willingly 
accepted the part of organizer, for a climber paying his eighteenth 
or nineteenth visit cannot be very ignorant of mountain or valley. 
And I could so far fulfil the geologist’s function as to sketch out the 
nature of what is known of such points as I have visited. But I 
entirely decline encroaching upon the functions of a thorough Alpine 
geologist, without whose aid our trip would lose half its charm. 

The season being far advanced, it is I fear too late to form a party 
for this summer; but if you will allow some space for discussion of 
details in the Gronocican Magazine, I have no doubt whatever that 
in 1875 a most effective party could be made up, to include Botanists, 
Mineralogists, and Entomologists; and I may mention that if only 
twenty joined together, with circular tickets, a courier could be sent 
with them, free of expense, to make all hotel and other arrange- 
ments—a great saving of anxiety in the tourist season. 

Two modes of joining our trip might be adopted: one, to make 
the whole round decided upon together—by far the most luxurious 
plan; the other, that persons not wishing to travel with a party 
should rendezvous with the rest at certain important places. A long 
experience of travel and many figures now before me enable me 
to say that, with first-class fares, hotel living, and all reasonable 
luxuries, the personal expense need not exceed one pound per day 
for one month, and that for a number it might be a trifle less ; whilst 
strictly economical travellers could well reduce their disbursements. 

I will beg such of your readers as may fall in with my hobby, 
ladies as well as gentlemen, to communicate with me, not, however, 
with a view to this year’s operation. If I act at all in such a mat- 
ter, it must be with time enough to make the most effective arrange- 
ments ] can invent, and to communicate with many persons abroad. 

In conclusion, let me ask the President of the Geologists’ Asso- 
ciation what he would think of this extended excursion? I need 
say no more. 


Screntiric Cius, 7, Savite Row, W. MarsHatt HAtt. 
June 18th, 1874. 


304 Correspondence—D. Mackintosh. 


GLACIATION OF WEST SOMERSET, 

Srr,—In the article under the above heading in your last Number, 
Mr. Lucy does not seem to be aware that the grooves on the banks 
of the Exe, supposed by Professor Jukes to be ice-marks, were after- 
wards clearly shown by Mr. Whitley to be a development of rock- 
structure by weathering (Quart. Journ. Geol. Soc., vol. xxiv. p. 3). 
In West Somerset there is a greater display of curved-back slaty 
laminee than anywhere else in South Britain; and in endeavouring 
to account for the phenomena, I mentioned land-ice as one of several 
competing agencies in an article in the above Journal for November, 
1867. The direction of the curvature is from about N.N.W. to 
S.8.E., and great blocks of quartz imbedded in angular drift have 
been transported in the same direction. The curvature may be well 
seen on the flat summit of Brendon Hill, and must have been pro- 
duced by some cause assailing the high ground of West Somerset 
from the N.N.W., and not moving down the hill-slopes towards the 
north. Though not in any way doubting the validity of Mr. Lucy’s 
discovery of ice-marks near Ashley Lodge, I may state that during 
several years’ successive residences in different parts of the south- 
west of England, I never once saw any certain trace of the action of 
land-ice, nor have I seen such trace anywhere in England to the 
§.E. of a line drawn from about the mouth of the Tees, by Ilkley, 
to Hope Mountain (on the east side of which there is an extensively 
rounded and strikingly striated rock-surface), near Wrexham. Mr. 
Croll, in your last Number, does not seem to be aware of the exist- 
ence of a beautifully-planed, polished, and striated rock-surface on 
the north cliff-line of Rombald’s Moor, west of the headland called 
the Calf, near Ilkley. When I saw it in course of being exposed by 
the quarrymen, I was under the impression that it had been pro- 
duced by an iceberg (see Proc. of Geol. Soc. of West Riding for 
1870); but I now believe that it was caused by land-ice, and that it 
approximately marks the 8.E. boundary or sea-wall of an ice- 
sheet which never extended any farther. Professor Ramsay believes 
that the apparent ice-marks on the Bloody Stone near Matlock (dis- 
covered by me, and afterwards described by Mr. A. H. Green, and 
the Rev. J. M. Mello), are not reliable. 

Mr. Lucy refers to Boulder-clay and Gravel in West Somerset. 
For several years I devoted attention to the drifts of many parts of 
the South and South-west of England, but refrained from publishing 
much on the subject! until I had examined the Glacial drifts of the 
North-west of England and North Wales. I now believe that com- 
paratively little progress will be made in arriving at certainty con- 
cerning the sequence of events during the Glacial period in South 
Britain, until some geologist has given several years’ undivided 
attention to the task of correlating the Glacial drifts of the North 
with the non-Glacial drifts of the South, that is, the drifts which 
contain truly glaciated stones in a matrix ground up by ice, with the 
drifts in which no certain trace of either the one or the other can be 
detected. The task could only be accomplished by one person 


1 See Geox. Maa. Vol. LY. p. 390. 
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making a detailed survey of all the superficial accumulations lying 
in a line (say) from Plymouth to Carlisle, and the ground would 
have to be traversed to-and-fro, as the drifts of one district have 
been found to throw much light on those of another. One great 
and fundamental question to be solved would be the age of the 
“ Head” relatively to that of the Pinnel of the Lake District. The 
former overlies the raised beaches of the South-west of England. 

D. Macxinrosu. 


GLACIATION OF THE SOUTH-WEST OF ENGLAND. 

Srr,—The subject of the Glaciation of the South of England is 
gaining more and more attention, and Mr. Lucy’s observations in 
West Somerset, as recorded in the June Number of your Magazine, » 
will be read with interest, particularly in reference to the identifi- 
eation of glacial stric on a mass of sandstone near Porlock. In 
regard to the gravelly deposits in the lowlands near Minehead, I 
was led, during a short excursion to the neighbourhood in the 
Spring, to assign to them an alluvial, or possibly estuarine, origin ; 
at the same time it is not unlikely that the gravels on the high 
grounds, as those in the neighbourhood of Tiverton, may be of 
glacial derivation. Mr. Poole has recorded the occurrence of tusks 
and teeth of the Mammoth in a deposit of clay and gravel at St. 
Audries, and he remarked that “originally the whole skull was 
there.” 

On my return a few days since from a short holiday trip in 
Norfolk to the Black Down hills in Devonshire, I was conducted by 
my colleague, Mr. Ussher, F.G.S., to see some ‘‘rum stuff” on the 
high ground between Little Down and Manning’s Common, about 
two miles N.N.E. of Yarcombe, and between Honiton and Chard. 
Here. the surface of the ground is of a clayey nature, and the forma- 
tion beneath is the Greensand. . Mr. Ussher pointed out one or 
two places where pits had been sunk for marl, and the presumption 
was that there was a trace of chalk not noticed in the previous sur- 
vey of the district. On careful examination we found traces of 
chalky ‘and chloritic marl and’ true chalk (one piece contained a 
small fish tooth), but the whole deposit was interbedded with clay. 
The clayey and sandy deposit, which covered the surface of the 
ground adjoining to the depth of eight or ten feet, contained numer- 
ous large and well-worn boulders of Greensand chert, large pebbles 
of quartz (one to three inches in diameter), numerous small pebbles 
of quartz, rolled flints, and a few smooth and good-sized boulders of 
quartzite. There were also a few pellets of Chalk, besides traces 
of Fuller’s Earth, and nodules of “ Race.” <A pit recently opened 
showed about seven feet of greenish-yellow carbonaceous clay with 
aseam of gravel, resting upon an irregular surface of coarse reddish- 
brown and pale-coloured sand. The nature of these deposits led me 
to class them as Boulder-clay, and as such they seemed to possess 
more than merely local significance. 

The great deposits of flint and chert found on the summits of the 
Greensand hills of Dorset and Devon have been noticed by De la 
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Beche, Buckland,! and others, but their’ origin has never been clearly 
explained. Much material, no doubt, is due to the disintegration 
of the Chalk in sitd, in helping to form a sort of ‘‘ Clay-with-flints,” 
which is everywhere conspicuous on the Chalk hills, and in some 
cases where the Chalk has been entirely removed, the flints have 
become mixed with the disintegrated chert of the Greensand. ‘This, 
too, as Mr. Whitaker has pointed out, is partly due to the attenu- 
ation of the Lower Chalk and the consequent nearness of the Upper 
Chalk with flints to the Greensand. The Greensand itself has been 
partly broken up by the action of the weather, and partly by the 
not-to-be-overlooked action of the plough. ‘There is still, however, 
much to account for in the amount of chert detritus, and also in the 
occurrence of quartz pebbles. The smaller quartz pebbles may be 
derived from the “Chalk with quartz graims” at the base of the 
Chalk series, described by De la Beche, but the larger ones have 
not been so locally derived. 

When we look to this probable Boulder-clay near Yarcombe, we 
may admit an agency which will account for the dispersion and 
wearing of the superficial deposits now found on the hills, and 
which certainly can no more be attributed entirely to atmospheric 
agencies in action in the area, than to river action. It seems rather 
premature at present to call in the agency of a “South of England 
Ice Sheet,” as might be inferred, perhaps, from Mr. Croll’s patient 
investigations, and I should prefer attributing the formation of the 
deposits to marine agency during the Glacial-submergence, with 
the assistance of an occasional iceberg. However, until the country 
is worked out in detail, it is not well to theorize further. 

Horace B. Woopwarp. 


STocKLAND, NEAR Honiton, 
10th June, 1874. 


P.S.—June 25th—Subsequent investigations have confirmed my opinion as to 
this Boulder-clay. Deposits similar to those at Little Down, have been found by 
Mr. Ussher and myself between White Staunton and Howley, and in other localities 
in this district. H.B.W. 


Tue Sanpwett Park Trrat Sryxiye.—The success of this im- 
portant sinking having now been fully achieved by the finding of 
the thick coal at a depth of 418 yards, and of a thickness 20 feet 
6 inches, it is proposed to furnish some account of the fossils met 
with and the general character of the Red rocks passed through 
before reaching the reputed Coal-measures. Prof. Ramsay, LL.D., 
F.R.S., Mr. Carruthers, F.R.S., and the Editors of the GroLogicaL 
Macazinn, will take part in the proposed work, which will be 
brought out under the patronage of the Right Hon. the Earl of 
Dartmouth, upon whose estate the sinking has taken place. Further 
particulars will shortly be published by Mr. Henry Johnson, the 
Engineer and Secretary of the Company, Trindle-road, Dudley. The 
shares of the Company are now worth a thousand guineas each, with 
one hundred guineas paid up. 

1 Dr. Buckland noticed the presence of Grey wethers—“ Siliceous breccia, like 


Hertfordshire puddingstone’”’—at Sidmouth and Black Down. Trans. Geol. Soc., 
2nd series, vol. i. p. 126. 
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I.—Notrs on Certain Fossin OrtrHoPpTERA CLAIMING AFFINITY 
WITH THE GENUS GRYLLACRIS. 
By A. H. Swinton, Esq. 
(PLATE XIV.) 
1. Gryllacris Ungeri, Heer. Figured and described by Heer 
Eocene Tertiary ... in his Insectenfauna, 1849, s. 8, t. i. 
2. Gryllacris Charpentiert, Heer, op. cit. s. 12, t. i. 
3. Gryllacris lithanthraca, 2 species. Figured and described in 


Coal Formation ... Paleontographica, bd. iv. p. 25 and 28, t. iv. 1-2. 
4. Corydalis Brongniarti, Aud. Buckland, vol. ii. p. 77. 


The above five insect remains, claiming affinity with the modern 
genus Gryllacris, of the order Orthoptera, retain for the investigator 
no characters in common, but such as may be afforded by the central 
portion of the principal disk or internomediate field of the elytron, 
and by the lesser marginal field. From comparison of these areas 
in the specimens from the Coal-measures, as regards configuration 
and venation, a certain similarity of design is observed, and a general 
correspondence detected. By taking Heer’s descriptions and figures 
as data, this character is seen to be reproduced—less markedly dis- 
tinct from the type observable in certain species of the modern genus 
of Burmeister—both in the profile of G. Ungeri and in other frag- 
ments preserved to us in the Hocene strata of the Continent. Com- 
plete identification of these species must be the reward of future 
investigators. 

The most perfectly preserved venation is presented by the frag- 
ment of C. Brongniarti, hitherto reputed a Neuropterous insect, 
closely allied to the living Corydalis of Carolina, and exhibited as 
such by Audouin at the meeting of the Naturforscher at Bonn in the 
month of September, 1835, but which Heer seems rather to indicate 
as belonging to the Orthoptera; and this latter view, it will I 
think be seen, is quite agreeable to the venation and peculiarities of 
construction exhibited in its wing, an object of undoubted beauty, 
revealed by the fortuitous fracture of a nodule of Clay-ironstone, 
and now preserved in the British Museum. The history of this 
specimen is somewhat wrapt in obscurity. It was purchased by 
Mantell at the sale of Parkinson’s collection, the latter, there is 
reason to suppose, having obtained it from the neighbourhood of 
Colebrook-dale. It was subsequently transmitted to M. Brongniart, 
and has been described by Audouin (Buckland, Geology and Mine- 
ralogy, vol. ii. p. 77). In the Museum specimen of G. Ungeri the 
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wing venation is in some measure preserved, but is somewhat 
difficult to trace. The figure of it given by Heer, having been ob- 
tained from the obverse of the impression, which retains the left 
elytron intact, gives a little more of the cross venation. The G. 
Charpentieri, figured by Heer, is by no means a perfect exposition of 
this specimen. 

GRYLLACRIS (recent species). Under side of right elytron, see 
Plate XIV. Fig. 1. 

The species of Gryllacris are intermediate in character between 
the crickets and swamp-loving leaf-crickets, the Locustina of 
German authors, of which the great green grasshopper (L. viridis- 
sima), so partial to our potato fields, is a familiar example. Their 
haunt is the banks of the warm streams of India or Brazil. 
MacLeay, on recording his capture of a specimen in such a situation 
in Australia, remarked a mimicry in these insects to the Neuroptera. 
Their enormous antennz, more than twice the length of the wing- 
covers, are probably a protection. They carry their elytra folded in 
a way peculiar to themselves. Thus while in the crickets we find 
the marginal field of the elytron turned down at a right angle to 
the remaining portion, and in the leaf-crickets the marginal and 
internomediate fields giving a character to the insect by their roof- 
shaped attitude, in Gryllacris the marginal field brings the inter- 
nomediate over with it as far as the line described by the interno- 
mediate vein, and causes the elytra to present a rounded or somewhat 
hexagonal superficies at their base, in the position of repose, so 
that the wing-covers are more inclined than those of the crickets, 
and less inclined than in the leaf or tree-crickets. 

Figure 1 gives the notation of the veins on the system adopted by 
Heer, which admits also of tabulation, thus :— 


Mediastinal vein (unimportant) ... ... 2. Marginal field. 

1 and 2. Scapular vein (bifurcate) 30 

3: Externomediate wei) S20 )k. 0! tev heehee Internomediate field. 
4, Internomediate vein N00. 900, 1900. bon 

5 and 6. Anal vein (this vein presents two stems) ... Anal field. 


Having analyzed a tolerably complex form of elytron as to vein 
branches, and noticed the primal character afforded by its folding to 
constitute a case or cover for the hind wings, the task of examining 
the character of fossilized elytra that may seem to have affinity with 
those of Gryllacris will be in some measure facilitated. 


Gryllacris Ungeri (restored). See Plate XIV. Fig. 2. 

As the remains of examples of this genus from the Hocene strata 
are fully described by Heer in his Insectenfauna, I will content 
myself with some observations on the interesting profile of G. 
Ungeri in the British Museum, of which Fig. 2 is an attempted 


’ restoration. 


In this case we have the thorax, abdomen, head, antennee, wings, 
legs, tarsi, claws, etc., of a probably extinct insect of the Saltatorial 
Orthoptera, preserved on a slab of Eocene Tertiary grey-coloured 
(freshwater) Limestone, associated with stems of rushes or other 
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grass-like leaved aquatic plants. The under side of the left elytron 
is seen with many of its veins intact, and I have succeeded in re- 
producing the longitudinal framework (see Woodcut, Fig. 5). The 
right elytron is present only as an impression. 


Fie. 5. Diagram of the longitudinal framework of the under side of the left elytron of 
Gryllacris Ungert, Heer. 

The surface of the mud tablet bearing the delineation of the 
Gryllacris reveals to us the aqueous nature of the vegetation of the 
locality where it once found its home and the nature of its food 
plants. It has been restored as crawling on a specimen from its 
associated herbarium, a kind of extinct pond-weed, or rather tassel- 
grass (Ruppia). Some scales and the vertebrae of a small fish lie 
on the stone just in advance of its head, in the original; and assist 
in elucidating and illustrating this page of its natural history. 

Although probably never gazed on by human eyes, this grass- 
hopper was not devoid of ornament. It had spotted elytra or wing- 
covers, and boldly blotched or perhaps coloured under wings; so 
that while thus it recalls to our mind the most handsome group of 
recent species of Gryllacris, it also connects them, as I shall en- 
deavour to show, by an exposition of the venation of the elytra, with 
more ancient Orthopterous forms that peopled our earth in the dim 
and far-off Carboniferous ages. 


Corydalis Brongniarti, Audouin. Under side of right elytron, 
see Plate XIV. Fig. 3. 

This species, before noticed, from the Coal-measures of Coalbrook- 
dale, Shropshire, is preserved to us in a wing, presumably the left 
elytron, of an Orthopterous insect, lying on the cleft nodule, with its 
under surface, on which it very probably rested during its interment, 
exposed. : 

This specimen, previously remarkable for the delicate venation it 
displays, acquires additional interest in a serrated vein that lies near 
its base : with little doubt the active agent of an organ of stridulation, 
similar to that possessed by the male house-cricket, and with which 
this insect effects its incessant ‘‘cree-cree.” 

To begin with the venation of the wing. If we compare the 
elytron of G. Ungert, Fig. 5, with that of the modern Gryllacris, 
shown on our Plate at Fig. 1, it is at once seen, that although the 
venation has in each instance the same typical sub-parallel arrange- 
ment of its longitudinal branches, in G. Ungeri the limbs 1 and 2 
of the scapular vein lie closer together, are more parallel, and the 
principal limb (2) forms an elbow or obtuse angle before its middle 
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This peculiarity, while it increases the transverse rigidity of the 
pin‘on, and seems to contract the marginal and internomediate fields, 
also approximates the externomediate vein (3) to the principal limb 
of the scapular (2), with which it coincides a little before the elbow. 

If we now turn to the Coalbrook-dale elytron, Plate XIV. 
Fig. 3, we see this characteristic well marked, but in conjunction 
with other elements, which deserve prominence from the indica- 
tions they afford us of a slight aberration from the minor characters 
in a wing of the cricket or Gryllacris type, this is obviously in 
accordance with the increase of wing area, which here, it will be 
observed, is twice as great as that of any recent species with which 
we are acquainted. These modifications are briefly comprised in 
the greater branching of the large longitudinal veins, and occasional 
dividing of the transverse veinlets that brace them together, with the 
less parallel disposition of the former. It is to be regretted that the 
imperfect preservation of the Hocene insects forbids the institution 
of accurate comparisons on these points, which certainly indicate a 
greater expanse or decrease in toughness or elasticity in the wing 
membrane; and the more so as this wing seems to constitute a type 
to which the fragments of the G. lithanthraca, Heer, from the Saar- 
briick Coal-fields, may be referable. 

File.—As a rule the file characterizes the male of the crickets and 
leaf-crickets, and although I cannot succeed in finding a species of © 
Gryllacris with an effective file, it may nevertheless sometimes be 
found beneath the base of the elytron of these insects in a mem- 
branous form, as seen in Plate XIV. Fig. 1. Little more is to be 
gained from an examination of the remains of G. Ungeri, which 
only presents a circular vein of questionable import at the base of 
the under side of the right elytron, marked by a few doubtful 
indentations. 

In the Coalbrook-dale elytron the file is well marked, and judging 
from the fact of its traversing the internomediate field of the elytron, 
its form, the character presented in its lower extremity, where the 
teeth are largest, it exhibits to us the nearest resemblance to the file 
or lima of the male house-cricket, as figured by Newport or Landois. 
(I have by me drawings of the file of the male European house and 
field-crickets, and hand specimens of those of the males of various 
leaf-crickets.) The house-cricket, as is well known, ‘‘sings” by 
partially opening and shutting its raised elytra, during which the 
file on the under side of the upper moves its teeth somewhat 
diagonally over a vein at the upper surface of the opposite elytron 
or wing-cover placed beneath, as Goureau has long ago informed us 
in his able and interesting paper contained in the Annales de la 
Soe. Entomol.-de France. The mechanism of its file, as shown at 
Plate XIV. Fig. 4, is from a drawing by Newport, and the micro- 
scopic structure has recently been thus described by Landois :— 

“Hach wing-cover in the cricket has a shrill vein for vibration, 
analogous in form and position to that of the field-cricket. On its 
under surface are numerous bridges, about 200 in number, projecting 
from and placed crossways on the vein. In the cricket the bridges 
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are placed much closer than in the field-cricket, and their free and 
upper edges are somewhat longer. Their shape is a half-moon, and 
they are severally fastened to the shrill vein by a kind of columnar 
prop at their centre. They are not quite perpendicular, but placed 
slightly obliquely ; and the friction takes place at their flat and 
concave upper edges when the wing-covers are rubbed or fiddled 
upon one another. These bridges are not of like dimensions, and at 
the origin and termination of the shrill vein are very small and 
poorly developed, and of little power in stridulation. In the central 
part of the vein they are well developed. They amount to some- 
thing like 143, and have the following dimensions: Breadth, 0:0028 
in. ; height, 0-0005 in. ; breadth of the prop, :0011 in.” 

The microscopic character of the file shown by the fossilized 
elytron of G. Brongniarti may be thus generally given. 

The lower part is broken away, so that the portion remaining 
in the anal field shows only ten large teeth, each -015 in. broad, of 
triangular profile ; these run obliquely across it, and present their 
vertices or edges to the fore-margin of the elytron. These teeth or 
bridges are then attenuated from the point where they enter the 
internomediate field; more than twenty are observed to traverse 
in a flattened curve, in a direction almost at a right angle to their 
former course, to the vicinity of the scapular vein, where they 
vanish : the whole adjustment presenting the curved line of a flat 
parabola or ellipse, with semi-major and minor axes of ‘16 in. and 
‘1 in. 

Thus, then, we see that this ancient instrument of music had 
already attained, to all appearance, an efficiency at least thrice that of 
our modern house-cricket, and must have emitted notes that rang 
widely over the tropical forest that clothed our island in the old 
days of the Coal period; and we may conjecture that each afternoon 
and evening it enlivened the stilly watery surfaces with its dull and 
incessant scraping. 

These plaintive love-notes, weird and wild, doubtless evoked a 
thrill of kindred emotion in the bosoms of numberless Batrachia, 
who found a home amid the swamps and morasses abounding in 
those ancient Cryptogamic Forests, and who answered, by a chorus 
of equal sweetness, the music of their Orthopterous companions. 


EXPLANATION OF PLATE XIV. 


Fic. 1.—Gryllacris (recent). Under surface of left elytron. Twice natural size. 
1 and 2. The bifurcate scapular vein. 
3. Externomediate vein. 
4, Internomediate vein. 
5 and 6. Anal vein. 
Fic. 2.—Gryllaeris Ungeri, Heer (restored). From the Eocene Tertiary, Radoboj, 
Austrian Croatia. Natural size. Plant, Ruppia pannonica, Unger. 
Fie. 3.—Gryllaeris (Corydalis) Brongniarti, Audouin, sp. Under surface of left 
elytron, showing what appears to be the file of an Orthopterous insect. 
Fic. 4.—File of the organ of stridulation of the common house-cricket, from New- 
port’s figure in Tod’s Anatomy. Much magnified. 


' Indeed it must have done so did its possessor at all aspire to the habits of two 
great sections of our modern Saltatorial Orthoptera. 
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Iil.—Tae Sourcre or Voxncanic Haar. 
By G. Povrert-Scrorz, F.R.S., F.G.S., ete. 


N his letter to the Editor, inserted in the last Number of this Maca- 
ZINE (p. 332), Mr. Mallet says he is ‘compelled to repeat” the 
statements he had persistently made, and I had more than once denied, 
as to my having, “in almost all my writings,” upheld “the moribund. 
thin crust and liquid nucleus theory,” and ‘“ Hopkins’s fiery lakes.” ! 
He defends himself from the charge of having “‘misapprehended,” as 
was suggested in an Hditorial foot-note to his paper, or, as I more truly 
phrased it, “misrepresented,” my views on these subjects, refusing: to 
be bound by what I may have “written in the scattered magazine 
articles” to which he was referred, on the plea that ‘an author’s notions - 
are usually gathered from his acknowleged systematic works.” Now 
when one public writer imputes to another opinions which the latter 
denies to have ever been his, candour and courtesy—not to speak of 
higher considerations—surely require of the former some examina- 
tion into the fact before he repeats the imputation. What then is 
the fact? ‘The only “systematic work” on volcanic geology to 
which I can plead authorship is the Treatise on Volcanos, ete., 
pp. 462, Longmans, 1862, re-issued without alteration, 1872, with 
which Mr. Mallet must be acquainted, since he did me the honour to 
accept a copy from me in, I think, the year 1865. Had Mr. Mallet, 
upon my disavowal of the views he imputed to me, before repeating the 
imputation twice over, only taken the trouble to open the volume and 
consult the Index, or but cursorily turn it over, he must have seen in 
its proper place in the work two pages, headed in capitals, “‘ THEORY 
oF A Frurp Nucieus to THe Guose, Dovustrut.” In these two 
pages and the subsequent four (264-269), I give my reasons in 
detail for believing that the globe is at present solid throughout, with 
the exception of such locally “separate parts or pockets, as it were, 
of more or less intensely heated and liquefied mineral matter, as may 
exist at greater or less depths or distances,” within or beneath the 
“foci” of active volcanos (p. 267). ‘To this last extent, and no 
further, I expressed my concurrence with Mr. Hopkins’s theory, 
while dissenting from his view of ‘a widely extended belt or con- 
tinuous shell of molten mineral matter between the nucleus of the 
globe, solidified by compression, and its outer crust” (p. 268). In 
fact, I there, as well as in my “scattered writings,” expressed 
1 In order that there may be no room for evasion as to the nature of the theory 
attributed to me from first to last by Mr. Mallet, I quote here one or two passages 
from his “ Reply’ to my Observations on his Theory, etc., Gzot. Mac. for March, 
1874, p. 127:—“ The so-called mechanical theory of a liquid nucleus, that is, of a 
nucleus in liquid fusion beneath an extremely thin solid crust, has already given 
way, ete.” ‘‘ Mr. Scrope’s own notions, which involve that very thin crust and liquid 
nucleus, as most recently formulated by him, do not, I believe, materially differ from 
those formed and enunciated by him some thirty years ago.” . . . ‘The progress 
of science has, however, shown the untenability of the views still espoused by Mr. 
Scrope, of an immense liquid nucleus, and an excessively thin solid crust, as well as 
the notion of subterranean fiery lakes, or a continuous liquid shell between the crust 
and nucleus.” . . . “Yet this gigantic incandescent nucleus and parenchymatous 


surface skin Mr. Scrope, and the school to which he belongs, must have, or their 
theories are impossible.” : 
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opinions the very reverse of those so pertinaciously fastened upon 
me by Mr. Mallet. And were I to assert that he, “in his writings” 
upon earthquakes, had attributed them to the oscillations of an 
extremely thin crust over a liquid nucleus, I should not misrepre- 
sent his views more completely than he has misrepresented mine 
upon the source of volcanic energy. I venture, then, to put the 
question to the scientific world, whether any reputation can be 
secure, if it be allowable for a writer, publishing his work from the 
vantage-ground of the Royal Society’s Philosophical Transactions, 
and with the object of maintaining a theory of his own, to impute 
to another writer on the subject opinions which he has not only not 
enunciated, but which he has in his “systematic works,” as well as 
in others, disavowed in the emphatic and conspicuous manner em- 
ployed by me in the passages above referred to concerning the views 
“saddled upon me” by Mr. Mallet? And I ask, further, when the 
imputation has been denied, is it consistent with the courtesy and 
honourable conduct usual among gentlemen that it should be re- 
peated again and again, when it would have been so easy to refer 
to the work in which its incorrectness, to use no stronger word, lies 
patent to the most cursory glance ? 

But Mr. Mallet has a peculiar way of conducting a scientific con- 
troversy, as will be evident to all who have looked into his paper, 
where, to take one example, in the compass of half a dozen lines 
(p. 152), he expresses his contempt for Mr. Hopkins’s “ fiery lakes,” 
as he styles them, in the following choice epithets: ‘‘a lame and 
gratuitous hypothesis,” “feeble and unconvincing,” ‘“ most impro- 
bable,” “erroneous and untenable,” ‘inherently improbable,”— 
epithets which, as in other instances that might be adduced,’ Mr. 
Mailet seems to consider a sufficient and complete refutation of 
the opinions he has thus denounced. ‘True it is that Mr. Hopkins’s 
views are wholly at variance with Mr. Mallet’s rock-crushing 
derivation of volcanic heat, and therefore to be “put down.” But 
it is not unimportant to observe that the former has the support of 
Professors Dana and Sterry Hunt, dynamical geologists of far higher 
authority than Mr. Mallet.’ 

One word upon a passage in Mr. Mallet’s last letter in the Guor. 
Mace. for July, p. 332, which professes to be an argument against my 
view of the derivation of volcanic heat from ‘a rise in eeothermal 
temperature produced by deposition of sediment,” namely, that “no 


1 See for another example p. 133 of Reply, etc. (Gzou. Mac. for March, 1874), 
in which Mr. Mallet, after declaring that “the limits within which the fusing 
temperature of rocks can be raised or lowered by difference of pressure are unques- 
tionably too small to play any important part in geologic phenomena,” adds: 
‘“The notion was seized upon by Hopkins as offering some ‘feeble support to his wid 
hypothesis of subterranean lava-lakes.’”’ And lower, in the same page, he characterizes 
my “notion” that water existed in the rock-matter from which lava is formed pre- 
viously to its fusion, as “‘ wholly untenable,” and again, three lines further on, as 
“utterly untenable”—a favourite epithet with Mr. Mallet, and employed by him, 
here as elsewhere, in lieu of argument. 

* See Silliman’s Journal for July, 1878, p. 10, and the same work for April, 1873, 
pp. 264-7. 
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body can raise the temperature of another by conductive transfer- 
ence of part of its heat to a temperature as high as its own, and 
therefore, if the subcortical matter of our globe” (as I have supposed) 
“passes locally under varying conditions of heat and pressure ... . 
to a liquid or even vaporous state, there must be matter more 
deeply situated at a still higher temperature, i.e. there must be a 
liquid nucleus.” Was there ever such a non sequitur as is contained 
in this last phrase? It lays down as a law in physics that “no 
body ” can by conduction reduce another body to fusion, unless it 
be itself fused—a proposition which every plumber’s apprentice 
and every boy who melts ice with a hot poker practically refute. 
But if we charitably give Mr. Mallet credit for not intending to 
broach this palpable absurdity (although his words imply it), but 
suppose him to have in view not all bodies, but only subterranean 
rocky matter, can he deny that some rocky strata may, owing to 
their peculiar composition or structure, or permeation with water, 
or other conceivable conditions, enter into fusion or igneo-aqueous 
plasticity at a somewhat lower temperature than that at which some 
other subjacent or adjacent rock retains its solidity? Or again, will 
Mr. Mallet deny that pressure may raise the fusing point of rocky 
matter composing a deeply buried stratum or zone, so as to maintain 
it in a solid state at a higher temperature than that at which a body 
of the same material above it, but exposed to a less amount of 
pressure, will enter into fusion? The whole passage I believe to 
be as false in physics as it is dogmatic in tone. And yet Mr. Mallet 
looks down with supreme contempt, from what he calls “the lofty 
point of Thermo-dynamics” (p. 147, op. cit.), upon “the erroneous 
notions on these subjects commonly current among geologists”! 

Mr. Mallet dismisses me with a challenge to reduce my views as 
to the origin of volcanic heat to “a definition,” such as that which 
figures conspicuously in p. 167 of his paper. It is of course easy to 
give an imposing air to an opinion or conjecture by printing it in 
italics, with the title of ‘“ Definition” above it. And it is perhaps 
natural, after doing so, to fancy that you have thereby demonstrated 
its truth—as Mr. Mallet repeatedly affirms that he has done. But it 
remains after all a mere guess—more or less plausible according to 
the arguments, observations, or experiments by which it can be 
supported. I have already said that I am not prepared to dogmatize 
on this obscure and difficult question; but in my recent letter in 
the Grou. Mag. for May, 1874, p. 237, I briefly stated what I will 
here repeat, my preference over Mr. Mallet’s theory as to the ex- 
clusive origin of volcanic heat in the crushing of superficial rocks as 
they follow downwards a shrinking nucleus, of the opinion that it 
(voleanic heat) is: derived chiefly and directly by conduction or 
convection, or both, from that intensely heated interior mass of the 
globe upon which Mr. Mallet’s own theory rests as a postulate. 

Let me briefly dissect Mr. Mallet’s ‘“‘ Definition.” 

That the globe is a condensed nebula still gradually cooling from a 
state of fusion, is an hypothesis only; though, I admit, a plausible one. 
That its nucleus is consequently shrinking, is another hypothesis, 
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which the recent dispute among physicists, to which Mr. Mallet has 
been a party, whether mineral matter when consolidating (and 
especially when crystallizing), from a state of fusion, expands or 
contracts, shows to be yet doubtful. That such shrinking, if it 
really occurs, takes effect, not in the production of internal rents, 
but in “the more or less free descent of the shell by gravitation,” is 
again but a conjecture. And that “the compression or crushing of 
portions of that shell” thereby occasioned produces an amount of 
heat, “locally within the solid shell,” sufficient to effect its partial 
fusion, is a further conjecture which, from the probable slowness of 
the crushing process, if it does take place at all, and the many other 
modes in which the energy so set in motion may be supposed to be 
dissipated without the development of any extraordinary amount of 
heat (as I suggested in the Gxonocrcat Macazine for May, 1874, 
p- 287), can hardly be considered, I think, more than possible. 
Lastly, if all these hypotheses be granted, what proof or probability 
is there that the heat so generated by an action which must be 
supposed general and uniform throughout the entire subsiding shell,’ 
does not merge in the general body of heat transmitted through it 
by conduction from the heated interior of the globe, but is ex- 
clusively directed towards the volcanic vents or fissures, ‘few and 
far between,” which penetrate its surface? The extremely small 
fractional proportion of the total amount of heat that escapes into 
outer space through volcanic activity, which Mr. Mallet him- 
self estimates at only 1 in 1500,2—instead of being, as Mr. 
Mallet seems to suppose it, an argument in favour of his theory, 
tells, in fact, strongly against it, since it is reasonable to pre- 
sume that the smaller fractional portion of heat observed to 
escape from the surface of the globe proceeds chiefly, if not wholly, 
from the same source as the larger, namely, that enormous store of 
heat which the interior of the globe on Mr. Mallet’s own view 
contains, and of which such a vast amount is continually trans- 
mitted by conduction to its surface. It is strange that Mr. Mallet 
should not have perceived the true inference from his figures. He 
argues, in fact, that because the amount of heat lost from the globe 
through volcanic vents is infinitesimally small as compared with 
that lost by superficial radiation into space, therefore the former must 
proceed from a different source from that which produces the latter. 
It might just as well be argued that because the heat received by 
our globe from the sun is but a minute fraction of the total amount 
of solar heat radiated through space, therefore the former must have 
a different origin in the composition of the sun from the latter. If 
any further argument were needed to show the fallacy of Mr. 
Mallet’s exclusive reference of volcanic heat to the crushing of sub- 


1 In Mr. Mallet’s own words, “not a mere local phenomenon, but a great cosmical 
condition, pervading every part of the thick and solid crust of the globe,” p. 180 of 
Reply, Grou. Mac. for March, 1874. 

2 “T have proved that the total amount of heat annually carried off from our globe 
by existing volcanic action cannot by any possibility exceed the ;+, part of the total 
heat annually dissipated from our globe,.””—Mallet, doc. cect. p. 131. 
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siding rocky matter, it might be found in the fact that the traces of 
extreme crushing, such as corrugation, slaty cleavage, etc., do not 
occur in volcanic regions—which rarely show signs of much dis- 
turbance, but only dykes, #.e. narrow fissures filled with lava-rock, 
cutting through undisturbed, or but slightly disturbed strata, making 
it probable (as I said in my first notice of Mr. Mallet’s theory) 
that if any heat is, or ever was, generated by the compression of 
rocks, its effects should be looked for rather in the metamorphosed 
and plicated rocks of mountain chains than in the lines of volcanic 
eruption. 

I must apologize to the readers of the GroLtogican Macazine for 
this continued controversy with Mr. Mallet, on the double’ ground 
of, Ist, that gentleman’s repeated and persevering misrepresentation 
of my views on volcanic action, and 2ndly, the inherent weakness of 
the theory he has advanced with so much pretension as “a precise 
and true theory, in substitution for the current and erroneous notions 
as to the nature of those forces, from the play of which, within our 
globe, those grand phenomena of nature (volcanos) are produced.” 
—Phil. Trans. p. 147. 


11].—On tHe Puystcat Catse or THE SUBMERGENCE AND EMERGENCE 
OF THE LAND DURING THE GLACIAL Hpocu. 
By James Crotz, of the Geological Survey of Scotland. 
(Continued from page 314.) 

HE greatest extent of the displacement of the earth’s centre of 
gravity, and consequently the greatest rise of the ocean result- 
ing from that displacement, would of course occur at the time of 
Maximum glaciation, when the ice would be all on one hemisphere. 
But owing to the following circumstance, a still greater rise than 
that resulting from the displacement of the earth’s centre of gravity 
alone might take place at some considerable time, either before or 

after the period of maximum glaciation. 

It is not at all probable that the ice would melt on the warm 
hemisphere at exactly the same rate as it would form on the cold 
hemisphere. It is probable that the ice would melt more rapidly on 
the warm hemisphere than it would form on the cold. Suppose 
that during the Glacial epoch, at a time when the cold was gradually 
increasing on the northern and the warmth on the southern hemi- 
sphere, the ice should melt more rapidly off the Antarctic Continent 
than it was being formed on the Arctic and Sub-arctic regions ; 
suppose also that, by the time a quantity of ice, equal to one-half 
what exists at present on the Antarctic Continent, had accumulated 
on the northern hemisphere, the whole of the Antarctic ice had been 
melted away, the sea would then be fuller than at present by the 
amount of water resulting from the one mile of melted ice. The 
height to which this would raise the general level of the sea would 
be as follows :—- 

The Antarctic ice-cap is equal in area to z3'ze of that covered by 
the ocean. The density of ice to that of water being taken at -92 
to 1, it follows that 25 feet 6 inches of ice melted off the cap would 
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raise the general level of the ocean one foot, and the one mile of ice 
melted off would raise the level 200 feet. This 200 feet of rise 
resulting from the melted ice we must add to the rise resulting from 
the displacement of the earth’s centre of gravity. The removal 
of the two miles of ice from the Antarctic Continent would displace 
the centre of gravity 190 feet, and the formation of a mass of ice 
equal to the one-half of this on the Arctic regions would carry the 
centre of gravity 95 feet further ; giving in all a total displacement 
of 285 feet, thus producing a rise of sea-level at the North Pole of 
285 feet, and in the latitude of Edinburgh of 234 feet. Add to 
this the rise of 200 feet resulting from the melted ice, and we have 
then 485 feet of submergence at the Pole, and 484 feet in the lati- 
tude of Edinburgh. A rise to a similar extent might probably take 
place after the period of maximum glaciation, when the ice would be 
melting on the northern hemisphere more rapidly than it would be 
forming on the southern. 

If we assume the Antarctic ice-cap to be as thick as is represented 
in the diagram, the extent of the submergence would of course be 
double the above, and we might have in this case a rise of sea-level 
in the latitude of Edinburgh to the extent of from 800 to 1000 
feet. But be this as it may, it is evident that the quantity of ice on 
the Antarctic Continent is perfectly sufficient to account for the sub- 
mergence of the Glacial epoch, for we have little evidence to 
conclude that the general submergence much exceeded 400 or 500 
feet.1 We have evidence in England and other places of submer- 
gence to the extent of from 1000 to 2000 feet, but these may be 
quite local, resulting frem subsidence of the land in those particular 
areas. Hlevations and depressions of the land have taken place in 
all ages, and no doubt during the Glacial epoch also. 

In favour of this view of the cause of the submergence of the 
Glacial epoch, it is a circumstance of some significance, that in every 
part of the globe where glaciation has been found, along with it, 
evidence of the submergence of the land has also been found. The 
invariable occurrence of submergence along with glaciation points 
to some physical connexion between the two. It would seem to 
imply, either that the two were the direct effects of a common cause, 
or that the one was the cause of the other; that is, the submergence 
the cause of the glaciation, or the glaciation the cause of the sub- 
mergence. There is, I presume, no known cause to which the two 
can be directly related as effects. Nor do I think that there is any 
one who would suppose that the submergence of the land could have 
been the cause of its glaciation, even although he attributed all 
Glacial effects to floating ice. The submergence of our country 
would, of course, have allowed floating ice to pass over it had there 
been any to pass over; but submergence would not have produced 
the ice, neither would it have brought the ice from the Arctic regions 
where it already existed. But although submergence could not have 

1 Tn a former paper I considered the effects of another cause, viz. the melting of 


polar ice résulting from an increase of the Obliquity of the Earth’s Orbit.—Trans. 
Glasgow Geol. Soc. vol. ii. p. 177. Phil. Mag. June, 1867 (Supplement). 
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been the cause of the Glacial epoch, yet we can, as we have just 
seen, easily understand how the ice of the Glacial epoch could have 
been the cause of the submergence. If the Glacial epoch was brought 
about by an increase in the eccentricity of the earth’s orbit, then a 
submergence of the land as the ice accumulated was a physical 
necessity. 

There is another circumstance connected with Glacial submergence 
which it is difficult to reconcile with the idea that it resulted from a 
subsidence of the land. It is well known that during the Glacial 
epoch the land was not once under water only, but several times; 
and, besides, there were not merely several periods when the land 
stood at a lower level in relation to the sea than at present, but there 
were also several periods when it stood at a much higher level than 
now. And this holds true, not merely of our own country, but of 
every country on the northern hemisphere where glaciation has yet 
been found. All this follows as a necessary consequence from the 
theory that the oscillations of sea-level resulted from the trans- 
ference of the ice from the one hemisphere to the other; but it is 
wholly inconsistent with the idea that they resulted from upheavals 
and subsidence of the land during a very recent period. 

But this is not all, there is more still to be accounted for. It has 
been the prevailing opinion that at the time when the land was 
covered with ice, it stood at a much greater elevation than at present. 
It is, however, not maintained that the facts of geology establish 
such a conclusion. The greater elevation of the land is simply 
assumed as an hypothesis to account for the cold (Phil. Mag. for 
Nov. 1868, p. 376). The facts of geology, however, are fast 
establishing the opposite conclusion, viz. that when the country was 
covered with ice, the land stood in relation to the sea at a lower level 
than at present, and that the continental periods or times when the 
land stood in relation to the sea at a higher level than now were the 
warm interglacial periods, when the country was free of snow and 
ice, and a mild and equable condition of climate prevailed. This is 
the conclusion towards which we are being led by the more recent 
revelations of surface geology, and also by certain facts connected 
with the geographical distribution of plants and animals during the 
Glacial epoch. 

The simple occurrence of a rise and fall of the land in relation to 
the sea-level in one or in two countries during the Glacial epoch, 
would not necessarily imply any physical connexion. The coinci- 
dence of these movements with the glaciation of the land might have 
been purely accidental; but when we find that a succession of such 
movements occurred, not merely in one or in two countries, but in 
every glaciated country where proper observations have been made, 
we are forced to the conclusion that the connexion between the two 
is not accidental, but the result of some fixed cause. 

If we admit that an increase in the eccentricity of the earth’s 
orbit was the cause of the Glacial epoch, then we must admit that all 
those results followed as necessary consequences. For if the Glacial 
epoch lasted for upwards of one hundred thousand years or so, there 
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would be a succession of cold and warm periods, and consequently 
a succession of elevations and depressions of sea-level. And the 
elevations of the sea-level would take place during the cold periods, 
and the depressions during the warm periods. 

But the agreement between theory and observed facts does not 
terminate here. It follows from theory that the greatest oscillations 
of sea-level would take place during the severest part of the Glacial 
epoch, when the eccentricity of the earth’s orbit would be at its 
highest value, and that the oscillations would gradually diminish 
in extent as the eccentricity diminished and the climate gradually 
became less severe. Now it is well known that this is actually 
what took place; the great submergence, as well as the great 
elevation or continental period, occurred during the earlier or more 
severe part of the Glacial epoch, and as the climate grew less severe 
these changes became of less extent, till we find them terminating in 
our submerged forests and 25-foot raised beach. 

It follows therefore, according to the theory advanced, that the 
mere fact of an area having been under sea does not imply that 
there has been any subsidence or elevation of the land, and that 
consequently the inference which has been drawn from these sub- 
merged areas as to changes in physical geography may be in many 
eases not well founded. 

Sir Charles Lyell, in his “ Principles,” publishes a map showing 
the extent of surface in Europe which has been covered by the sea 
since the earlier part of the Tertiary period. This map is intended 
to show the extraordinary amount of subsidence and elevation of the 
land which has taken place during that period. It is necessary for 
Sir Charles’s theory of the cause of the Glacial epoch that changes in 
the physical geography of the globe to an enormous extent should 
have taken place during a very recent period, in order to account for 
the great change of climate which occurred at that epoch. But if 
the foregoing results be anything like correct, it does not necessarily 
follow that there must have been great changes in the physical 
geography of Hurope, simply because the sea covered those areas 
marked in the map, for this may have been produced by oscillations 
of sea-level, and not by changes in the land. In fact, the areas 
marked in Sir Charles’s map as having been covered by the sea, are 
just those which would be covered were the sea-level raised a few 
hundred feet. No doubt there were elevations and subsidences in 
many of the areas marked in the map during the Tertiary period, 
and to this cause a considerable amount of the submergence might 
be due; but I have little doubt that by far the greater part must be 
attributed to oscillations of sea-level. It is no objection that the 
greater part of the shells and other organic remains found in the 
marine deposits of those areas are not indicative of a cold or glacial 
condition of climate, for, as we have seen, the greatest submergence 
would probably have taken place either before the more severe cold 
had set in or after it had to a great extent passed away. That the 
submergence of those areas probably resulted from elevations of 
sea-level rather than depressions of the land, is further evident from 
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the following considerations. If we suppose that the climate of the 
Glacial epoch was brought about mainly by changes in the physical 
geography of the globe, we must assume that these great changes 
took place, geologically speaking, at a very recent date. Then when 
we ask what ground is there for assuming that any such change in 
the relations of sea and land as is required actually took place, 
the submergence of those areas is adduced as the proof. Did it 
follow as a physical necessity that all submergence must be the 
result of subsidence of the land, and not of elevations of the sea, there 
would be some force in the reasons adduced. But such a conclusion 
by no means follows, and, @ priori, it is just as likely that the 
appearance of the ice was the cause of the submergence as that the 
submergence was the cause of the appearance of the ice. Again, a 
subsidence of the land to the extent required would to a great 
extent have altered the configuration of the country, and the main 
river-systems of Hurope; but there is no evidence that any such 
change has taken place. All the main valleys are well known to 
have existed prior to the Glacial epoch, and our rivers to have 
occupied the same channels then as they do now. In the case of 
some of the smaller streams, it is true, a slight deviation has resulted 
at some points from the filling up of their channels with drift 
during the Glacial epoch; but as a general rule all the principal 
valleys and river-systems are older than the Glacial epoch. This, of 
course, could not be the case if a subsidence of the land sufficiently 
great to account for the submergence of the areas in question, or 
changes in the physical geography of Europe necessary to produce a 
Glacial epoch, had actually taken place. The total absence of any 
geological evidence for the existence of any change which could 
explain either the submergence of the areas in question or the 
climate of the Glacial epoch, is strong evidence that the submergence 
of the Glacial epoch, as well as of the areas in question, was the result 
of a simple oscillation of sea-level resulting from the displacement of 
the earth’s centre of gravity by the transference of the ice-cap from 
the southern to the northern hemisphere. 

Oscillations of sea-level in relation to Distribution.—The oscillations 
of sea-level resulting from the displacement of the earth’s centre of 
gravity help to throw new light on some obscure points connected 
with the subject of the geographical distribution of plants and 
animals. At the time when the ice would be on the southern 
hemisphere during the Glacial epoch, and the northern hemisphere 
enjoying a warm and equable climate, the sea-level would be 
several hundred feet lower than at present, the North Sea 
would probably be dry land, and Great Britain and Ireland 
joined to the continent, thus opening up a pathway from the con- 
tinent to our island. As has been shown in former papers (Phil. 
Mag. November, 1868; August, 1864; June, 1867, Supplement), 
during the inter-glacial periods the climate would be much warmer 
and more equable than now, so that animals from the south, such as the 
hippopotamus, hyzena, lion, Hlephas antiquus and Rhinoceros mega- 
rhinus, would migrate into this country, where at present they could 
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not live in consequence of the cold. We have therefore an explana- 
tion, as was suggested on a former occasion (Phil. Mag. Nov. 1868), 
of the fact that the bones of these animals are found mingled in the 
same grave with those of the musk ox, mammoth, reindeer, and 
other animals which lived in this country during the cold periods of 
the Glacial epoch; the animals from the north would cross over 
into this country upon the frozen sea during the cold periods, while 
those from the south would find the English Channel dry land 
during the warm periods. 

The same reasoning will hold equally true in reference to the old 
and new world. The depth of Behring Straits is under thirty 
fathoms; consequently a lowering of the sea-level of less than 200 
feet would connect Asia with America, and thus allow plants and 
animals, as Mr. Darwin believes, to pass from the one continent to 
the other.! During this period, when Behring Straits would be dry 
land, Greenland would be comparatively free from ice, and the Arctic 
regions enjoying a comparatively mild climate. In this case plants 
and animals belonging to temperate regions could avail themselves 
of this passage, and thus we can explain how plants belonging to 
temperate regions may have, during the Miocene period, passed from 
the old to the new continent, and vice versa. 

As has already been noticed, during the time of the greatest 
extension of the ice, the quantity of ice on the southern hemisphere 
might be considerably greater than what exists on the entire globe at 
present. In that case there might, in addition to the lowering of 
the sea-level resulting from the displacement of the earth’s centre 
of gravity, be a considerable lowering resulting from the draining of 
the ocean to form the additional ice. This decrease and increase in 
the total quantity of ice which we have considered would affect the 
level of the ocean as much at the equator as at the poles; conse- 
quently during the Glacial epoch there might have been at the 
equator elevations and depressions of sea-level to the extent of a few 
hundred feet. 

Extent of submergence on the hypothesis that the earth is fluid in the 
interior.—But we have been proceeding upon the supposition that 
the earth is solid to its centre. If we assume, however, what is the 
general opinion among geologists, that it consists of a fluid interior 
surrounded by a thick and rigid crust or shell, then the extent of 
the submergence resulting from the displacement of the centre of 
gravity for a given thickness of ice must be much greater than I 
have estimated it to be. ‘This is evident, because, if the interior 
of the globe be in a fluid state, it, in all probability, consists of 
materials differing in density. The densest materials will be at the 
centre, and the least dense at the outside or surface. Now the 
transference of an ice-cap from the one pole to the other will not 
merely displace the ocean—the fluid mass on the outside of. the 
shell—but it will also displace the heavier fluid materials in the 
interior of the shell. In other words, the heavier materials will be 
attracted by the ice-cap more forcibly than the lighter, consequently 


1 Origin of Species, chap. xi. (fifth edition). 
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they will approach towards the cap to a certain extent, sinking, as 
it were, into the lighter materials, and displacing them towards the 
opposite pole. This displacement will of course tend to shift the 
earth’s centre of gravity in the direction of the ice-cap, because 
the heavier materials are shifted in this direction, and the lighter 
materials in the opposite direction. This process will perhaps be 
better understood from the following figures. 
Fie. 2. Fie. 3. 


O. The Ocean. S. Solid Crust or Shell. 

F, F!, F?, F’. The various concentric layers of the fluid interior. The layers 
increase in density towards the centre. 

I. The Ice-cap. C. Centre of gravity. 

C!, The displaced centre of gravity. 


In Figure 2, where there is no ice-cap, the centre of gravity of the 
earth coincides with the centre of the concentric layers of the fluid 
interior. In Figure 3, where there is an ice-cap placed on one pole, 
the concentric layer F' being denser than layer F, is attracted 
towards the cap more forcibly than F, and consequently sinks to a 
certain depth in F. Again, F’ being denser than F", it also sinks to 
a certain extent in F'. And again, F°, the mass at the centre, being 
denser than F’, it also sinks in F*. All this being combined with 
the effects of the ice-cap, and the displaced ocean outside the shell, 
the centre of gravity of the entire globe will no longer be at C, but 
at C!, a considerable distance nearer to the side of the shell on which 
the cap rests than C, and also a considerable distance nearer than it 
would have been had the interior of the globe been solid. There 
are here three causes tending to shift the centre of gravity, (1) the 
ice-cap, (2) the displaced ocean, and (8) the displaced materials in 
the interior. 'T'wo of the three causes mutually re-act on each other 
in such a way as to increase each other’s effect. Thus the more the 
ocean is drawn in the direction of the ice-cap, the more effect it has 
in drawing the heavier materials in the interior in the same direc- 
tion, and in turn the more the heavier materials, in the interior, are 
drawn towards the cap, the greater is the displacement of the earth’s 
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centre of gravity, and of course, as a consequence, the greater is the 
displacement of the ocean. It may be observed also that, other 
things being equal, the thinner the solid crust or shell is, and the 
greater the difference in the density of the fluid materials in the 
interior, the greater will be the extent of the displacement of the 
ocean, because the greater will be the displacement of the centre of 
gravity. 

It follows that if we knew (1) the extent of the general sub- 
mergence of the Glacial epoch, and (2) the present amount of ice on 
the southern hemisphere, we could determine whether or not the 
earth is fluid in the interior. 


IV.—Geronoctcat Notes rrom tHE NEIGHBOURHOOD OF CAIRO. 
By Joun Mine, F.G.S. 


HIS neighbourhood has already been described by several authors, 
—the most complete account of the Tertiary beds being by Dr. 
Fraas, Aus dem Orient, 1867. Dr. Figari Bey, in vol. i. of Studi 
Scientifici sull’ Egitto; H. Bauerman, Hsq., and Dr. C. Le Neve 
Foster, in the Quart. Journ. Geol. Soc. 1869, vol. xxv. p. 40, have 
also written on the district, the latter observers referring especially 
to the occurrence of Celestine in the Moccattam quarries. 

The surroundings, of Cairo, being by no means a geological terra 
incognita, there will perhaps be but little to be gleaned in the way 
of additional particulars respecting this district from the following 
brief communication ; it is therefore hoped it will be accepted rather 
as a note to accompany the few specimens collected’ than as an 
independent paper. 

Middens or Rubbish Heaps.—Outside Cairo, and noticeably so be- 
tween its N.E. and §.W. sides, there are a number of dark-coloured 
low hills, forming a range about four or five miles in length, with 
an undulating surface,—in contour not unlike the Downs of our 
southern counties. In places these approach so closely to the city as 
partially to bury the walls with which it is surrounded, above which 
they rise rather steeply, at an angle of 25° to 28°, to a height of 
from 100 to 125 feet. On the opposite side, that is, towards the 8.E., 
they slope more gradually, descending by a series of undulations and 
small valleys of the same depth as the hills are in height. The 
summit of these hills, which may be averaged at a quarter of a 
mile in width, and which, with the lateral ridges, is sufficient for the 
accommodation of numerous windmills, affords an extensive view 
towards the §.W. across Cairo to the Pyramids of Gizeh, and towards 
the H. over the plain in which are situated the Tombs of the Caliphs 
to the range of Moccattam. This view is represented as a diagram, 
in order to show the relation of the Red Hills to the Limestones of 
Moccattam, and also the dip of the strata. (See Woodcut, Fig. 1.) 

It is not until these hills are approached and closely examined that 

their nature can be determined, after which one contemplates them 


1 The specimens referred to, have been presented by the author to the British 
Museum. 
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with astonishment, and marvels that such an immense amount of 
material, sufficient to build many such towns as the one from which 
it was derived, should have all been accumulated by human agency. 


Fic. 1.—Sketch-map of the neighbourhood of Cairo. 


Similar heaps to these are to be seen marking the position of many 
other cities, as at Memphis, where they may perhaps even exceed 
those at Cairo. No careful investigation of these vast Refuse Mounds 
appears at present to have been made. This Egyptian darkness 
may, perhaps, in part be removed by an archeological exploration 
of their contents, pottery and coins being interpreted by the anti- 
quary as fossils are by the paleontologist. 

On approaching these heaps from the end of the principal street 
in Cairo, “the Mosque,” a definite dip at an angle of 4° or 5°, is 
seen towards the §.W. along a line about fifty yards in length. 

Behind some limekilns at this point, about twenty-five feet above 
the base of the heap, there is a cutting in the side of the slope, about 
thirty feet in length and ten feet in height. The materials in 
this exposure are arranged in distinct layers, the chief constituents 
being comminuted fragments of brick and mortar, black soil, broken 
crockery, charred wood, fragments of bones, and a few land-shells, 
(Helix),—the pieces of wood and bones marking what may be termed 
the stratification, in which they are aided by a corresponding horizon- 
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tality in all the pieces of crockery ware, which either fell in the posi- 
tion they now occupy, or else have gradually acquired it. 

Many pieces of the pottery are highly coloured, rich greens and 
blues being common. On some of them designs, such as patterns of 
flowers, are noticeable. Small pieces of granite and quartz are also 
met with, and near the surface heads of old pipes and date-stones. 

Bits of Nummulitic Limestone and detached Nummulites have 
travelled from the adjacent hills, to be imbedded with the rest; and 
on the eastern side of these heaps, near the summit, at about 
two or three feet from the surface, and occasionally on the surface 
itself, there are many recent shells. 

The material covering the sides and tops of these ranges of hills 
only differs in being coarser than the rest, most of the finer débris 
having been washed down into the valley during rainy seasons, 
where it has accumulated and forms a fine mud- crit. 

Plain of the Tombs of the Caliphs.—lLying between these rubbish 
heaps and the range of Moccattam Hills there is a narrow sandy 
plain, about a mile and a half in width. At the N.E. end of this, 
opposite Jebel Achmar or the Red Mountain, numerous small ex- 
cavations have been made beneath the surface (which has a crispness, 
from the salt it contains), in order to obtain a fine greenish-grey 
gritty sand used for domestic purposes. In these openings numerous 
skulls and other human bones are seen strewn over the ground. 

Not far from these small openings a trench, from fourteen to 
sixteen feet deep, had been excavated, about 300 yards in length, in the 
direction of the waterworks, giving a good superficial section of the 
desert, but not sufficiently deep to reach the limestone seen in the 
adjacent heights. For six feet from the surface there is a coarse 
sand, with occasional fragments of pottery, and innumerable human 
bones—skulls, femora, tibiee, ribs, and in fact many almost perfect 
skeletons. Judging from the number of these remains, the way in 
which they are confusedly heaped together, and the wide extent of 
ground over which they extend, they probably resulted from some 
great epidemic, such as the plague, which may have visited the 
city long ago. 

Looking at the depth at which these remains occur, and remembering 
that in Eastern countries it is customary to bury barely beneath the 
surface (?), it may be inferred, from the accumulation of sand and other 
materials above these relics of humanity, that a considerable time 
has elapsed since their interment. 

Below six feet no more pottery exists, and excepting the frag- 
ment of a shell, only sand, containing innumerable flints and pieces 
of silicified wood, is to be seen. 

Moccatiam Quarries.—These truly historical quarries form a long 
line of cliffs, overlooking the eastern and south-eastern side of 
Cairo, the height of which above the Nile is about 800 feet, and 
above Cairo 525 feet, as will be seen in the accompanying sketch 
section, the elevations on which were approximately obtained by 
several aneroid observations. (See Woodcut, Fig. 2.) 

The general dip of the beds forming this escarpment is towards 
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the N.E., at an angle of from 4° to 5°, diminishing in height towards 
the north, in which direction they pass beneath the red quartzose 
hills of Jebel Acbmar. 


Plain of tombs 
of the Caliphs 
Rubbish heaps. 


River Nile. 


800 D 


------- The Citadel: 


Peenpar eae eee an OBIPOS 


Bee ee 


Fic. 2.—An approximate section along the line A-B on Fig. 1. 


The section of these quarries is the largest and most noticeable 
excavation along the entire range, being worthy of a visit, if only 
to see the magnitude of the works which for past ages have been 
and still continue to be carried on. The quarries are situated 
behind the Citadel, a general plan of which is seen in Fig. 3, and in 
section Fig. 2, and Sketch-map Fig. 1. 


= Leen 


Fig. 3.—Plan of the Great Moccattam Quarries behind the Citadel, Cairo. 
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Reckoning from the walls of the Citadel, near which the excava- 
tions originally commenced, the hill has been cut back for a distance 
of about half a mile. The workings of the quarry are carried on 
along the face of three scarps, which, in conjunction with its semi- 
circular form, give to it the appearance of an amphitheatre. Hntering 
the quarries from the rear of the Citadel, the road divides ; the lower 
branch leading into what might form the arena of a theatre (Fig. 
3, A.), the lowest part of the quarry, 350 feet below the summit of 
the hill; the upper branch, after running a short distance towards 
the rear of the quarries, in its turn also splitting into two branches ; 
one of which (Fig. 3, B.) leads along the base of the second scarp, 
forty feet above the lowest part of the quarry: whilst the other 
(Fig. 3, C.), after winding round the end of the quarry at from 
80 to 90 feet above its lowest point, turns to the left, and passing 
through a narrow valley opposite to the Citadel, gradually ascends 
to the summit of the hill. 

These different roads and levels are referred to in Section Fig. 2, 
and Plan Fig. 3, by corresponding letters. 

A striking feature in this quarry is the immense blocks of stone 
which are scattered about in all directions. One of them, in the 
upper road ©, in measurement was found to be 57 feet long, 18 feet 
high, and 18 feet thick, representing about 1400 tons of stone; and 
from one point on the road I counted upwards of forty blocks ap- 
proximating to, and in many cases perhaps exceeding, the dimensions 
of the one just quoted. ‘These blocks, which have been obtained by 
the undermining of the cliff, aided by natural vertical joints, now 
form small quarries in themselves, being more readily worked and 
broken in upon than the upright face of the cliff from which they 
were detached. Where these cliffs have been worked in upon, 
several large caves have been produced, the positions of which are 
indicated in Plan, Fig. 8. One of these shows a flat roof, about 50 
or 40 feet in height, and 90 feet in an unsupported span. 

Standing at a distance, and looking at the range of hills in which 
these quarries occur, it will be seen that there is a marked differ- 
ence in colour between the rock forming the cap or head of the 
mountains and that exposed in the cutting below—the upper strata 
being reddish, whilst the lower ones are white, which at once suggests 
the idea, which has been followed out by previous observers, of 
dividing the beds, according to their physical aspects, into Brown 
Beds and White Beds. The thickness of the former beds behind 
the Citadel, as estimated by aneroid, is about 125 feet; whilst the 
exposure of the White Beds, from the junction with the Brown 
Beds above to the foot of the quarry, is about 225 feet. 

These measurements may be compared with those of a section of 
the same beds taken about a mile and a half to the north, given in the 
paper by Messrs. Bauerman and Foster previously mentioned, from 
which it will be seen that behind the Citadel the Brown Beds have in 
so short a distance more than doubled their thickness. 

Looking at these Brown Beds generally, it will be seen that their 
surface is much weathered and decomposed, and forms a reddish soil, 
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which in places is clayey, this latter appearance being probably due 
to the decomposition of certain bands rather than to a breaking up 
of the whole. The White Beds are the well-known Nummulitic 
Limestone. This is soft, easily worked, and, when freshly 
broken, is perfectly white; but on exposure, it becomes slightly 
yellowish. Standing a short distance away from the face of this 
rock, a division in the beds is to be seen, marked by yellowish hori- 
zontal lines, which are in certain cases somewhat siliceous. In 
addition to these markings, there are others, more strongly defined, 
indicating fissures and cracks, which are often filled with a yellow 
oxide of iron, in certain cases of a sufficiently good quality to be 
used for a pigment. 

Commencing at the summit of the hills behind the Citadel, the 
general succession of beds in their descending order is represented 
as follows. The letters refer to the fossils. 


I.—Red Beds. 


A.1.—The capping beds here consist of a coarse limestone, almost 
wholly made up of shells. It is much weathered, and its sur- 
face is strewn with dark-coloured stones, the angles of which are 
much rounded. Externally these are very vesicular, like a hard 
burnt cindery slag; but on being broken, they are seen to be 
more compact, showing transverse sections of shells. These 
probably formed portions of still higher beds, which have been 
by a subaerial degradation carried away ; their vesicular character 
being due to the dissolving out of a portion of the shelly matter 
of which they are almost wholly made up. 

These top beds are traversed in various directions by a few 
small veins of gypsum, which are generally not more than a 
quarter of an inch in thickness. 

B. 2.—About 30 feet below these beds of limestone we get a reddish 
yellow band of soft calcareous sandstone. In places this is 
siliceous, and from its friability almost becomes a sand, whilst in 
its lower portions it resembles a loam. It contains but few 
fossils, but in one portion it is full of numerous small nests of 
crystallized carbonate of lime. These crystals are small, but all 
more or less assume the same geometrical form,—that of a 
scalenohedron, terminated by the planes of an obtuse rhom- 
bohedron. 

3.—At the base of this there is a band apparently wholly made up 
of Oyster-shells. 

C. 4.—Below this there are six feet of a yellowish earthy band, which 
is followed by a three-foot band of Oysters. 

D. 5.—Still lower we come on more yellow sandstone and a thin 
band of shells, the base of which is about 60 feet from the 
summit of the hill. 

H. 6.—Below this 60-foot level the sides of the hill are covered with | 
a soft earthy mass of sand, produced by the disintegration of 
the rocks above, which to a great extent conceals the underlying 
strata. A slight efflorescence of salt, giving a whitish appearance 
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to the ground, together with a few veins of fibrous gypsum 
coursing upwards, is all that is observable. 

A few yards to the N.E. side of the road a cutting about 20 
feet in depth has been made, exposing compact beds of yellowish 
sand. Running through the face of this there are five almost 
horizontal bands of gypsum, under one of which, and almost in 
contact with it, is a narrow band of Oysters, which, being more 
compact than the beds of sand, stand out to form a small 
ledge. The largest of these bands is not more than three inches 
in thickness. Between them, imbedded in the sand, several 
hollow and angular shallow forms, composed of sand cemented 
with carbonate of lime, and lined with small crystals of calcite, 
were observable, probably pseudomorphs after Celestine. 

The base of this cutting is from 75 to 80 feet from the sum- 
mit, and appears to be the lowest exposure of the Red Beds. 

From this point there is a descent of about 50 feet down 
a bank of earth-sand, covered with fragments of gypsum, the 
result of the disintegration carried on up above to the Lime- 
stones or White Beds in which the quarries are. 

From these notes it would appear that the characteristic 
feature of these upper or Brown Beds is the number of bands 
made up of fossil Ostree. At a short distance in many places 
these appear like a shale, and it is not until a close inspection 
is made that their real nature can be seen, which in some cases 
bears a striking resemblance to the beds of Ostrea distorta in 
our Purbeck series. 

Imbedded with them are other shells, which may be easily 
detached ; but the Oysters themselves are so matted and friable 
that it is difficult to obtain single specimens. 


Il.— White Beds. 

These commence 125 feet from the summit of the hill, and 
lithologically are very similar down to the lowest point yet 
excavated, 225 feet still lower, the lower beds differing from 
those above them in perhaps being more compact and of a fine 
texture. In places the rock is visibly almost wholly made up 
of fossil remains, these being more apparent in the upper than in 
the lower beds. 

7.—At 160 feet from the summit on the north side of the road 
there is a concretionary band of limestone, the nodules of which 
are discoidal, about the size of a potato, but not noticeably 
elongated. 

On this level, which is that of the road marked C on Plan, 
Fig. 3, numbers of minute Nummulites are visible, together 
with species of Echint. This is also an horizon of the beds con- 
taining Celestine, specimens of which may be seen in radial 
forms imbedded in the white limestone. When they fill the 
chambers of some fossil, as a Nautilus, perfect, well-defined, 
and brilliant faces of crystals are to be seen,—the various forms 
and combinations of which are described in the paper already 
referred to by Messrs. Bauerman and Foster (ante p. 353). 
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G.8.—Lying along the line of the second road, in Plan marked B, are 
many blocks that have fallen from above, and are seen to be 
full of Celestine. Here the rock is more compact than above, 
and the fossil remains are not so distinct, with the exception of 
certain Crustacea, which are remarkably well defined, the species 
Lobocarcinus Paulino-Wurtemburgensis being very common. 
In the face of this scarp there is a noticeable yellow band, 
containing Oysters and Nummulites. 

H.9.—The line of the lower road, marked A upon Plan, leads into 
the lowest part of the quarry, 350 feet from the summit. 
Celestine is also found here; but it apparently differs from that 
found above in being massive, one piece showing an exposed 
surface 1ft. 9in. wide, perfectly transparent, and of a light 
yellow colour,—no transparent colourless crystals or opaque 
bluish white stellar forms, like those described by Bauerman 
and Foster, being found. 

About 12 feet up the face of this scarp there is a bed exceedingly 
full of Nummulites, corals, and other fossil-remains, together with 
some remarkably well-preserved casts of a spiral shell, probably a 
a species of Turbo. 

In travelling towards the north, in the direction of the Tombs of 
the Caliphs, owing to the dip of the beds in this direction, newer 
beds, corresponding to the second and third scarps of the Citadel 
Quarries, are met with, sections of which may be observed in the 
many valleys entering from the N.E. 

Immediately outside the quarry in this direction numerous shark’s 
teeth are met, with, which are followed by large Nautili and other 
fossils. In the quarries behind the Tombs of the Caliphs Crus- 
tacea and casts of Turbo are again met with in abundance, beyond 
which, on crossing a small valley, you come to Jebel Achmar, or the 
Red Mountain. 

Jebel Achmar.—This mountain or chain of hills is about 225 feet 
above Cairo. At a distance they appear to be very red; but on 
nearing them this is seen to be partially superficial, the exterior 
colour being due to an oxidation through exposure of the iron con- 
tained in the rock, which is a moderately fine- zrained yellowish 
quartzose sandstone. 

The texture, however, varies, portions having quite a conglome- 
ratic aspect,—white quartz pebbles about a quarter of an inch in 
diameter being inclosed in a red base. 

The fine parts of the rock are quarried for grindstones and mill- 
stones, which are manufactured in Cairo. 

_ Petrified Forest.—This interesting deposit of silicified wood having 
been already described by Mr. W. Carruthers, F.R.S. (Gxox. Mae. 
1870, Vol. VII. p. 806), it will be well not to run over old ground, 
but rather to describe the road leading to the so-called “Forest,” 
than to speak of the Forest itself. 

Leaving the Red Hills upon the left, the track towards this Forest 
enters the second valley counted in the direction of the Citadel, 
crossing the entrance to which, and also running up it for a short 
distance, is a tramway for fetching stone. 
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The entrance to this valley is narrow, being bounded on the right 
and left by cliffs of limestone, which dip at a low angle up the 
valley, those on the right being about 50 feet in height, and those on 
the left from 20 to 80 feet. As the valley gradually widens, to a 
breadth of about half mile, the cliffs and hills which form a scarp to it 
become lower. Covering the ground over which you walk are frag- 
ments of gypsum sparkling in the sand, as mica often does in the 
gravels of our streams, which probably indicate the presence at some 
point higher up the valley of the sand-beds seen above the Citadel 
Quarry. Opposite to the termination of the tramway, which «is 
about half a mile up the valley, upon the right-hand side of the 
road, there is a knoll of black stones, in the distance something like 
a low volcanic cone. This is made up of a similar but darker 
coloured rock to that of Jebel Achmar, and in fact apparently marks 
the eastern boundary line of this red quartzose formation, which 
forms several outcrops, and appears to run up the right-hand side of 
this valley. 

Keeping to the right hand at all junction of tracks, you pass 
along the foot of the limestone hills, whilst opening out upon the 
left there is a wide flat plain, which shortly narrows into a flat 
valley. Near the head of this, many black masses of quartzite, 
similar to the one just mentioned, are seen, covering portions of the 
hills. If a line were drawn passing through these heaps of débris, 
it would take a N.W. direction towards the Red Hills. 

At the first of these mounds there is a ridge of the material, which 
is apparently turned on end, the left-hand side of which is quite a 
dark-coloured flint; whilst the right-hand side cannot be distinctly 
seen, from the quantity of débris which has fallen from above upon 
it, amongst which there are several large fragments of silicified 
wood. 

Standing up from a sandy rock on the west or Cairo side of this 
ridge, there are a number of short cylinders, averaging six inches in 
length to one inch in diameter, formed of concentric layers of sand, 
the structure of which is seen in a transverse fracture. 

Near the head of this valley, at the entrance to a small cutting 
into the hills upon the right, the relation of the limestones*to one of 
these siliceous ridges is to be seen. This, like the others, strikes in 
the direction of the Red Hills, dipping at an angle of about 80° to 
the N.E., upon that side it is a fine-grained siliceous rock, from 
which it graduates in a thickness of only two feet through a pudding- 
stone, into a soft quartzose sandstone upon the N.H. 

Coming down the cutting upon this side are some narrow bands 
of limestone, overlying beds of sand, also dipping to the N.E., but 
only at about 5° or 6°, which, but for the intervention of a few feet of 
sandy material, would apparently be seen to abut against the up- 
turned ridge. 

A short distance beyond this last-mentioned ridge the track turns 
sharply to the right, and enters, between sloping masses of red rock, 
into a large opening, resembling a shallow sand-pit, above which is 
the Petrified Forest. 
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Generally speaking, this consists of fragments of silicified wood 
about six inches in length, which are strewn over about four 
miles of desert. Where the trunks from which they have been 
derived are shielded from the sun by lying buried in the sand, and 
have thus been protected from sudden changes of temperature, they 
are often preserved in pieces several yards in length. When fissured, 
they do so rather down the trunk than transversely to it, which would 
seem to contradict Gardiner Wilkinson’s suggestion,! referred to by Mr. 
Carruthers,’ that there are “‘some jointed stems resembling bamboo or 
Equisetum.” In the same paper it is stated that no branches were ob- 
servable, which appears to be the case; but I was assured on good 
authority that at the New Petrified Forest a tree with the limb of 
a large branch may be seen. The larger trees referred to may be 
seen by taking a S.E. course towards a distant bluff across this 
desert. After about a mile you reach the north end of a line of low 
sand and gypsum hills, keeping along the eastern side of which 
you shortly come upon numerous trunks lying in the sand, some of 
which are 40 feet long and two feet in diameter. 

Beyond these, still continuing in a §.H. direction, through a gap 
in the low sand-hills, for a quarter of a mile across the next open 
valley, some extensive Oyster-beds are reached, from which some 
perfect specimens may be obtained. 

On the opposite side of the Nile to that on which Cairo stands 
are corresponding hills to those of Moccattam, in which are the 
ancient quarries of Sattanah. At the Pyramids of Gizeh, which 
are built of Nummulitic Limestone, the Sphinx is seen cut out of 
the solid rock, and exhibits in the material composing it a natural 
N.H. dip and the eroding effects of tens of centuries of sand-blast. 


V.—Norte on tHE Rep CHALK IN YORKSHIRE. 
By the Rev. J. F. Buaxs, M.A., F.G.S. 


i mapping the boundaries of the Lias in that part of Yorkshire 

where the Cretaceous rocks overlap the Jurassic, the Red Chalk 
becomes extremely useful as a guide, especially as the springs con- 
stantly break out beneath it, and give good opportunities for its 
examination and that of the subjacent strata. Some points of in- 
terest have thus obtruded themselves upon one’s notice. Its range 
in Yorkshire may be described as first northwards and then east- 
wards. Though much covered by Boulder-clay in the latter por- 
tion, it may be traced almost step by step along the former, except 
where it appears to be absent. 

Mr. Judd* has drawn attention to the unconformity between the 
Upper Cretaceous and Neocomian series, with which latter beds he 
includes certain ferruginous pebbly beds which lie below the Red 
Chalk, and are generally unfossiliferous, but which contain towards 


1 Gardiner Wilkinson in “Murray’s Handbook for Travellers in Egypt” (1867). 
2 W. Carruthers, “On the Petrified Forest near Cairo,” op. cit. p. 307. 
3 Quart. Journ. Geol. Soc. vol. xxiii. p. 242, etc. 
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the base, at Hunstanton, numerous Ammonites Deshayesi, which he 
also finds in the uppermost bed of the Speeton Clay. Mr. De Rance 
however,! records the same Ammonite as characteristic of the lowest 
beds of the Gault of Folkstone, where also it is assuciated with 
pebbly beds. 

Remembering these facts, I think the following section, as seen in 
a plantation near Givendale Church, is of interest. 


Section seen near Givendale Church, Ripon, W. R. of Yorkshire. 
1. White Chalk. 2. Red Chalk. 3. Conglomerate. 4. Variegated Sandstone. 


In Bed 2, in a matrix of undoubted Red Chalk, I found a charac- 
teristic specimen of Am. Deshayesi. The conglomerate is of smooth 
rounded black stones enveloped in a rather sandy matrix, contami- 
nated apparently with Red Chalk, and the sandstones below are 
soft, and not unlike the carstones of Hunstanton. The section, how- 
ever, is so small, and the sands unfossiliferous, that it cannot be 
certain whether or not these sands belong to the Middle Oolite. I 
think not, however; for though there are sands of that age in the 
district, they are not like this in appearance. 

A little further north of the above is another interesting spot— 
though no clear section is exposed—in Garrowby Park. Beneath a 
clump of trees towards the head of the vale in which the house stands 
is a considerable thickness of Red Chalk, containing Terebratula 
capillata, T. biplicata, T. semiglobosa, Inoceramus sp., Belemnites 
minimus, etc., and at a little lower level are great blocks of con- 
glomerate with sandy matrix, and below that a sand-pit. Here again 
the sand may belong to the Oolite, but the conglomerate which has 
now become an important rock must be associated with the Red 
Chalk. Hard gritty sandstone similar to the matrix of the con- 
glomerate is also seen in neighbouring hill-sides, but not where the 
Red Chalk is at a distance. In a narrow gorge east of Kirby Under- 
dale the Red Chalk is underlaid by some thickness of a very coarse 
gritty sandstone, which would be loose sand but for the binding 
action of iron, the oxide of which runs in fibres in all directions, 
and covers every grain. This deposit, too, seems to be quite local, 
and cannot be matched among the Oolites of the neighbourhood. 

We have thus associated with the Red Chalk three different 
varieties of conglomeratic beds, passing into or being themselves 
more or less sandstones, which are not found in Oolitic rocks remote 
from the Chalk. It is worth consideration, therefore, whether they 
are not scattered patches of deposits formed in the irregularities of 


1 Grou. Mace. Vol. V. p. 169. 
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the older rocks. These conglomerates are no doubt littoral deposits, 
and the shore would contain hollows which would be filled from 
various sources, and these patches, it may be remarked, occur where 
there is irregularity in the lower strata. 

Seeing that the Chalk is a deep-sea deposit, we have evidence of 
the sinking of the land in these Upper Cretaceous times, so that 
the passage-beds from the Upper Neocomian to the Aptien were 
laid down in various areas from various sources, and thus we have 
the great variety which characterizes these beds. But when the 
Red Chalk Epoch arrived, the depression was sufficient to enable that 
rock to spread pretty uniformly over a wide area, though not to be 
entirely without interruptions, as was the case with the White Chalk 
which succeeded; for there are gaps and varieties of level in the Red 
Chalk that may be better accounted for by an irregular surface than 
by faults. 

Ammonites Deshayesi evidently lingered on during the time that 
the earlier of these changes were taking place, being the last to 
disappear at Hunstanton, lingering on in Yorkshire till the Red Chalk 
began, and at Folkestone, till the Gault set in. Thus the Red Chalk 
of Yorkshire represents the latter formation; but as it appears to 
have been an area of slow deposition, the few feet of it must represent 
the whole interval during which the Gault and Greensand were 
being deposited elsewhere, and the occurrence of the peculiar 
Terebratula capillata associates the basin with that of Hunstanton. 

Mr. Judd mentions that in Lincolnshire there are beds of Red 
Chalk intercalated between two of White Chalk, with the true Red 
Chalk, or Hunstanton Red Rock, some 20 or 30 feet below. The 
same is the case in Yorkshire. Both beds may be well seen at 
the village of Warter, but their lithological characters are generally 
distinct ; the upper beds are simply chalk coloured red; whereas 
the true Red Chalk with much of calcareous matter unites much of 
arenaceous, and small round grains are common of the same dark 
rock which furnished the older conglomerate. The rock, however, 
at Speeton, which contains Bel. minimus is of the former kind, so 
that the distinction, though common, is not universal. 

While writing of bands in Chalk, I may as well notice a curious 
phenomenon seen in a chalk-pit near Londesborough. This is the 
existence, between beds of undisturbed chalk, of several stratified 
layers of brown carbonaceous clays between one and two feet thick, 
the bottom layer quite black and thinly laminated; all of them fol- 
lowing the bends of the Chalk strata, the upper of which is perfectly 
stratified, though broken in small joints; the lower is more compact. 
This pit must have been near enough to land to be influenced by the 
deposit of some flood which carried off the soil of some Cretaceous 
forest. Mr. Mortimer mentions some clay-beds at Driffield, and Mr. 
Whitaker in the South of England in Chalk; but they are not said 
to be carbonaceous. 
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I.—A Snort SKEtToH oF THE GEOLOGY oF Nassav.! 


HE characteristic geological formations of the Province of Nassau 
belong to the Devonian series, and are named from the geograph- 
ical site where they are most clearly developed, the Rhine System. 
The lower strata of this system are of a sandy character, and show in 
their fossil remains a predominance of Brachiopods (Spirifera, Orthis, 
Terebratula), and of these Spirifera macroptera occurs by far the 
most frequently, on which account Sandberger has classified the upper 
strata as the Spirifer Sandstone. Of other families of Mollusca, the 
Pleurotomaria Daleidensis, Bellerophon trilobatum, and Conularia 
(Coleoprion) gracilis are found in great numbers, but within a limited 
area. In Crinoidea the genus Ctenocrinus is peculiar to the Spirifer 
Sandstone, and fragments of the arms of these and of the genus 
Isocrinus are abundant. Crustacea are represented by the genus 
Fomalonotus. Pleuracanthus laciniatus is the fossil most widely 
disseminated; but the Pleurodictyum problematicum must be regarded 
as the most characteristic in this group. 

Contrary to the opinion of Murchison and Sedgwick (Geol. Trans. 
vol. ii. page 221), who are inclined to refer these beds to the Silurian 
system, the German geologists Sandberger and Romer regard them 
as a separate formation, approaching the chalky beds of the Rhine 
system more nearly in the character of their fossil remains. The 
superposed strata show a still more calcareous character, and have a 
far greater variety of fossil remains, corals, and gasteropodous mol- 
lusca. As characteristic species may be cited Stringocephalus Bur- 
tint, various species of Pleurotomaria, Euomphalus, Terebratula, and 
two Spirifers of a different species from those met with in the strata 
just mentioned. Among the Crustacea the genus Cypridina is most 
frequently represented, especially in the upper layers. The general 
character of the fauna point to an epoch in the formation of the land 
when the sea had retreated, leaving only inland lakes, on whose 
borders a new order of animal life could find a suitable habitat. 

Above the sandy and chalky beds of the Rhine system lie a series 
of rocks, which resemble most closely the Coal-formation, both in 
their lithological character and their fossil contents. Especially is 
this the case with the flora. The fauna presents partly the same 
character as the limestone, and partly shows a new and entirely 
distinct facies. It is more fully developed in Westphalia, the Harz 
mountains, and in Devonshire. The fauna is not so manifold as that 
already noticed; the characteristic fossil from which the rocks are 
indeed named by German geologists is Posidonomya Becheri; Pecten 
and Gontatites are also found, but mostly in a very fragmentary 
condition. The remains of plants, on the other hand, are more 
numerous and better preserved. Calamites Suckowii, Cyperites bicari- 
nata, and many other still undetermined species, frequently occur. 
A fern of the genus Sphenopteris is met with, but more rarely. 


1 Being a brief abstract of Dr. F. Sandbergei’s recently published book on the 
Mineralogy and Geology of Nassau. 
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The strata just described are found in their fullest development 
on the ridge of the Taunus mountains, and its northward slope to 
the valley of the Lahn. On the southern slope of the range, towards 
the Main, and its junction with the Rhine, the Tertiary formations 
and alluvial deposits are considered to exhibit traces of the former 
existence here of a large inland sea, the Mayence Basin, which 
extended from Rudesheim to Basle. A sand-pit on the Biberich 
road, §.W. of Wiesbaden, affords a good opportunity for studying 
the beds of this group. The strata here lie in a nearly horizontal 
position, and show, after a layer of sea-sand and various chalky beds, 
regular alternations of fresh water and marine deposits, according to 
their mollusca, and lastly, a layer of coarse alluvial sand and gravel, 
rich in fossil remains. Besides a great quantity of mollusca (Planorbis, 
Lymnaea, Cyclas, Helix, and Valvata), all agreeing very nearly with 
existing species, the remains of mammalia occur here—Hlephas prim- 
genius, Rhinoceros leptorhinus, Hippopotamus major, Ursus speleus, 
Cervus euryceros, etc. Fragments of tusks, and the fore-leg (tibia) 
of the first-named animal, have been brought to light this winter in 
the sand-pit just mentioned, where only a slight upper stratum of 
yellow sand has been deposited above the coarse gravel, which is here 
20 feet deep. The remains all show traces of having been long exposed 
to the water, and are encrusted with yellow sand and calcareous 
matter, seemingly the remains of the shells of marine mollusca. 
The whole series of these Tertiary beds appears to be referable to 
the Miocene epoch, being more recent than the deposits of the Paris 
and London basins, but older than those of the Apennine range. 

B. E. W. 


TI.—TRANSACTIONS OF THE GEOLOGICAL SociETY oF GLAsGow. 
Vol. iv. part 2, 1873. 

ee contents of this part contain papers of much interest, and 
chiefly devoted to Scottish geology. Besides an abstract of the 
Proceedings of the Society for the year 1871-2, some of the papers 
read at these meetings are published in full, which, together with 
a biographical notice of the late Dr. Scouler, and the closing address 
of the President, Dr. John Young, “On Geological Terminology,” 
form the bulk of this part. Glacial and Post-Tertiary geology, as 
in the preceding part, are prominent subjects, and a paper “On the 
Valley of Loch Lomond,” in which the author, Mr. G. H. Kinahan, 
advocates similar views as to the origin of its form and the deeps 
and shallows of the lake, to those respecting the form of Loch Derg, 
given in this Magazine (Vol. X. p. 486), and which he considers to 

be primarily due to breaks in the rocks. J. M. 


JJJ.—Brier ApstrRacts. 
1.—Lupwicitt; a new Minerat Species. Ludwigit, ein neues 
Mineral aus dem Banate. Von G. Tscuzrman. Mineralogische 
Mittheilungen, 1874, Heft i. pp. 59-66. 
This mineral occurs in limestone at Morawitza, in the Banat. It 
presents a finely-fibrous structure, the fibres being separated with 
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difficulty, and the mineral being therefore very tough. In conse- 
quence of this fibrous texture, it is not easy to determine the precise 
degree of hardness, but it is probably about five. Dr. Tschermak 
describes two varieties of Ludwigite; the colour of the one being 
blackish-green, whilst that of the other is almost black, with a 
slight tint of violet. Both varieties have been analyzed under Prof. 

Ludwig, of Vienna, after whom the species is named. 
No. I. is the green variety, with specific gravity 3-951; No. II. is 
the black variety, with spec. gray. 4016. 
I. 


Boric anhydride ...... ...ecccossecesees MWGHOD) \ caacesesco0000 15:06 
HHerriICVORICE) = acceectedertccesccesetctens SOLO DIN Reset eens 39°29 
Ferrous Oxide ... cc.cscssecoscececcooves 1246 OR ee, 17-67 
IMIAOMESIAyenssseskiosesseeeessciccchctmesece BANE) © Gocececoas000Nc 26:91 

100°16 98°93 


The second analysis leads to the formula: 3 Mg 0-B?0?+ Fe O-Fe?0*. 
The first analysis shows part of the ferrous oxide isomorphously re- 
placed by magnesia. It appears, therefore, that Ludwigite is a 
molecular combination of borate of magnesia with proto-peroxide of 
iron ; the latter compound does not exist mechanically disseminated 
through the mineral in the form of magnetic iron-ore, but appears to 
be chemically combined with the borate. F 


2.—RIivoTiteE ; A NEw Minerat Species. Note sur une nouvelle 
espéce minérale de la Province de Lerida. Par M. X. Ducrovx. 
Comptes Rendus, 1874, Ixxviii. No. 21, pp. 1471-1473. 

Under the name of Rivotite—a name proposed in memory of the 
late M. Rivot, of the Ecole des Mines—a new Spanish mineral 
is described by M. Ducloux. It occurs in small irregular masses 
disseminated through a limestone, on the western slope of the Sierra 
del Cadi, in the province of Lerida. Rivotite is a compact amor- 
phous substance, varying in colour from yellowish green to dark 
greyish green. Its hardness is between 3°5 and 4, whilst its specific 
gravity varies from 8°55 to 38°62. According to M. Ducloux, the 
composition of Rivotite may be expressed by the following formula: 
Sb20°-+-4(Gu,Ag)O.Co?. F. W. R. 


3.—On Darorrre. Ueber Datolith, Von Epwarp S. Dana. 
Mineralogische Mittheilungen, 1874, Heft i. pp. 1-6. 

Two years ago Mr. Dana published in Silliman’s Journal a paper 
on the crystallographic characters of the well-known crystals of 
Datolite from Bergen Hill. He has since extended his study of this 
species, and has examined a, fine series of specimens in Vienna. The 
results of this work are given in the present paper, which relates 
chiefly to the Datolite of: Arendal in Norway, Andreasberg in the 
Hartz, and Toggiana in Modena. The occurrence, the symbols, and 
the angles of all the known faces are exhibited in a well-arranged 
table; whilst several figures of crystals are given in a lithographic 
plate accompanying the paper. F. W. R. 
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4.—Tawney, E. B. Museum Notes—Dundry Gasteropoda. Proc. 
Bristol Nat. Soc., new series, vol. i. part i. pp. 9-59. [1874.] 


This communication is the result of a critical examination, by Mr. 
Tawney, of the Gasteropoda, now in the Bristol Museum, which 
have been obtained from the Inferior Oolite of Dundry Hill. He 
records sixty-six species in a determinable condition, besides casts 
and imperfect fragments of shells. Of the genus Plewrotomaria 
alone there are twenty-six species. 

Out of the total number of species, no less than nineteen do not 
appear to have been hitherto figured, and fifteen species do not 
seem to have been cited before in British lists. The paper is illus- 
rated by three well-executed lithographic plates. H. B. W. 


5.—Tawney, E. B. The Coal Question. Proc. Bristol Nat. Soc., new 
series, vol. i. part i. pp. 71-84. [1874.] 
The author reviews the general results of the Royal Coal Com- 
mission, and discusses the future prosperity of England. H. B. W. 


6.—Sroppart, W. W. Geology of the Bristol Coal-field. Part I. 
Proc. Bristol Nat. Soc., new series, vol. i. pp. 115-126. [1874.] 


This part contains a general account of the physical geography 
of the district, with list of formations and typical ata where 
they are displayed, list of principal altitudes, ete. Stoddart 
refers also to the igneous rocks developed in the rer tae of 
Tortworth, on the Mendip Hills, and near Weston-super- Mare. 

H. B. W. 


7.—Tuomas, J. HE. Prize Essay upon the Mineral Resources of the 
Counties of Flint and Denbigh, with suggestions for their de- 
velopment. (Mold National Histeddfod, 1873.) 8vo. pp. 41. 
(Oswestry, 1873.) 


The author describes the peoloeicnl features of the district, and 
points out the mineral produce of each system of rocks. He then 
considers the resources of Coal, Lead, and Zine more in detail, 
the extent to which they have been developed in this part of North 
Wales, and their present yield, glancing also at the future supplies 
that, it is to be hoped, may continue to be produced for many gene- 
rations to come. In conclusion he gives a list of various collieries, 
iron works, lead mines, brickworks and quarries in the two 
counties. 5635 AAG 
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J.—Reports oF THE GroLoGicaAL SuRVEY or THE Sratr or Mis- 
sourr, 1855-1871. By G. C. Broapueap, F. B. Mrrx, and 
B. F. Saumarp. (Jefferson City, 1873.) 
HE publication of this volume appears to have been delayed, for 
the maps were engraved, and the impressions contained in the 
volume were struck off, previous to 1861, so that they do not 
represent the present political geography of the respective counties, 
and in some instances their boundaries have changed. 
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The State of Missouri is divided into twenty counties, and each 
one is treated under three principal heads, viz. the Topography, 
Scientific and Hconomical Geology. The formations which occur 
in the State are the following :— 

QuATERNARY.—Alluvium, Bottom Praries, Bluff, and Drift. 

CarBonrreRous.—Coal-measures, Ferruginous Sandstone, Archi- 
medes, Encrinital and Chouteau Limestones. 

Drvontan.—Upper and Lower. 

Upper Sriurian.—Delthyris shale or Lower Helderberg, Niagara 
group, Cape Girardeau Limestone. 

Lower Srizurran.—Hudson river group, Trenton Limestone, Black 
river Limestone, Magnesian Limestone series, consisting of 
four zones of Magnesian Limestone, with alternating zones of 
Saccharoidal and other Sandstones. 

The Lower Silurian and Quaternary rocks are found in most of 
the counties, the Coal-measures are not so generally distributed, 
they are the only Paleozoic rocks seen in Macon, occupy nearly the 
whole of Randolph, about one-third of Saline, probably nearly one- 
half of Clark county, and are sparingly distributed in Morgan, 
Warren, and Shelby counties. Igneous rocks are not abundant; 
Granite is found in Crawford and Ste. Genevieve, in which latter 
county Greenstone has also been noticed. ‘The maps and sections in 
the volume illustrate to some extent the geological descriptions in 
the reports. . J. M. 


II.Grotocicat Survey or Missourt. Preiiminary REpoRT on 
THE Iron-OrES AND COAL-FIELDS FROM THE FIELD-WwoRK OF 
1872. (New York, 1873.) ; 

HIS volume of more than 600 pages contains a careful and de- 
tailed description of a portion of the economic geology of the 

State, bearing specially on the Iron-ores and Coal-measures. The 

first part is chiefly occupied with the distribution, description, and 

modes of occurrence of the Iron-ores by Dr. Adolf Schmidt. Rich, 
even the richest as Missouri is of all the States on the North 

American continent in Iron-ores, they are very unequally distributed 

over the State. Very little is found in the whole northern part 

north of the fiftieth township line, and in a range of counties on the 

western border; these districts covered by Coal-measures do not 

contain Iron-ores in such quantities as to make them workable. 
Workable Ivon-ore is found in Calloway county, north of the 

Missouri river; and south of it, between this river and the fortieth 

township line, valuable deposits occur, mostly of Limonite, in 

Franklin, Osage, Morgan, and Benton counties. By far the richest 

portion of the State in Iron-ores is that between the 30th and 40th 

township lines; they abound within this zone, in the greater part of 
the counties situated between the Mississippi on the east, and the Upper 

Osage river on the west. The chief ores are Specular iron, some- 

times a little magnetic, Red Hematite, and Limonite. This part 

also contains analyses of Fuels, Iron-ores, and Pig-irons, by MM. 
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Regis, Chauvet and A. A. Blair, and also Notes on the Geology of 
Pilot Knob, by Prof. R. Pumpelly, the Director of the Survey. 

The second and larger part contains Reports on the Geology of 
Different Countries of North-western Missouri, by G. C. Broadhead, 
State Geologist, including five chapters on the Missouri Coal-field, 
from which it appears that the Coal-measures of this State comprise 
an area of about 238,000 square miles, chiefly situated in North-west 
and Western Missouri, but including 160 square miles in St. Louis, 
eight in St. Charles, and a few outliers in Lincoln and Warren 
counties. They are divided into Upper, Middle, and Lower Coal- 
measures; the Upper or barren Measures, which contain the thickest 
groups of limestones, occupy about 8000 square miles, have an 
ageregate thickness of 1300 feet, and include only about four feet of 
Coal, of which there are two seams of one foot in thickness; the 
others are very thin seams or mere streaks. The Middle Coal- 
measures are exposed for about 2000 square miles, and include a 
total thickness of 824 feet, in which are embraced about seven feet 
of Coal, including two workable seams of 21 and 24 inches, one 
other of one foot, and six seams too thin to work. The Lower 
Measures, mainly composed of sandstones and shales, are exposed 
over 12,400 square miles, are from 250 to 300 feet thick, embracing 
about five workable seams of Coal, varying in thickness from 14ft. 
to 44ft., which, together with other thin seams and streaks, make in 
all 13 ft. Gin. of Coal. So that in Missouri it appears there is about 
2000 feet of Coal-measures, with a total aggregate of 24 ft. 6in. of 
Coal. The volume contains nearly 200 illustrations, besides a report 
on the Strength of Building Materials, Notes on Rocks which admit 
of a polish, a List’of the Fossils of the Coal-measures, a Schedule 
showing depths of Coal-seams, and is accompanied by a large Atlas 
of 14 plates, illustrative of the geology and other matters referred 
to in the Report. J. M. 


Ii].—Rerport on THE GroLtogicAL Survey or Outo. Vol. I. 
Part II. pp. 400. 48 Plates. (Columbus, 1873.) 


HE present volume contains the first part of the Paleontological 
Report of the Geological Survey, and according to Dr. Newberry, 

the Chief Geologist (under whose auspices it is issued), the first illus- 
trated memoir ever published on the fossils of the State, so rich as 
it has long been known to be in beautifully preserved specimens from 
the Silurian, Devonian and Carboniferous strata. Besides the Preface, 
Dr. J. S. Newberry contributes an elaborate memoir on the classifi- 
cation, geological and geographical distribution of the fossil fishes 
found in the Paleozoic rocks of the State, with detailed descriptions 
of the new or little known genera and species, including a very 
large Placoderm (Dinichthys) allied to Asterolepis, and also notices 
of some few of the fossil plants of the Coal-measures of Ohio, as 
Cardiocarpon, Trigonocarpon, Rhabdocarpus, and a new genus of 
ferns, Neriopteris, related to Teniopteris, but which appears to have 
some resemblance to the Jurassic genus Stangerites. In the section 
on the origin of our Ichthyic fauna, Dr. Newberry remarks that in 
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America the first remains of fishes are found in the Corniferous 
Limestone, where they appear in great force, consisting of several 
genera and species, some of which attain gigantic dimensions. Of 
the origin of this fauna we know nothing, and probably never shall 
know much. With the Devonian seas in their retreat, departed all 
the group of great bucklered fishes, never more to return. In the 
sea of the Carboniferous age, sharks abounded in great numbers ; 
along the shores, and in the lagoons and rivers of the Coal-measure 
epoch, a multitude of Ganoids abounded; in the same strata and 
localities, another and higher class of vertebrates, the Amphibians, 
have left abundant remains. The Ganoids shade so gradually into 
these Amphibians, that it is impossible to draw any well-defined 
line between them. And there is little doubt that a connected 
chain of being leads from the Ganoids through the Amphibians up 
to the true Reptiles. With the retreat of the Carboniferous sea, 
most of the interval between the Mississippi and the Atlantic was left 
dry land, and has never since been submerged. On this land, or 
the lakes and rivers of the Canadian continent, which has remained 
as land since a period anterior to the Silurian age, the Ganoids of 
the Coal-period have continued to exist, and in our Lepidosteus and 
Amia we probably have the lineal descendants of Palconiscus, 
Celacanthus, etc., of the Carboniferous age (p. 289). A great 
portion of the volume is occupied with the description of the Inver- 
tebrate fossils by Mr. F. B. Meek, the well-known paleontologist, 
and for some years connected with the Illinois Geological Survey. 
The work is further illustrated by 48 well-executed plates of the 
fossils, and although many of these beautifully preserved forms 
from the rich localities near Cincinnati had previously been de- 
scribed by Professors Hall, Winchell, Meek, and others, yet this 
appears to be the first collected systematic description of the fossils 
of the State of Ohio. J. M. 
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On Thursday, June 25th, by invitation of Handel Cossham, Esq., 
F.G.S., the Cotswold Field-club met at Weston, near Bath. The 
programme for the day included an examination of the Rhetic and 
Lower Lias sections near Weston ; of the Coal-sinkings near Penny- 
cuick Bottom, the most easterly point of the Bristol Coal-basin ; the 
ascent to the Great Oolite plateau at Odd Down, and descent thence 
to the Midford valley, for the purpose of examining the “ Midford 
Sands,” returning to Bath by way of Beechen Cliff. 

A party, nearly fifty in number, assembled at the Weston Station 
on the arrival of the 12.52 train, and proceeded at once along the 
line of rail to examine a quarry and section about a quarter of a 
mile distant. At the quarry Mr. C. Moore drew attention to a band 
of shale or marl overlying the thickly-bedded rocks of the “ Buck- 
landi” zone, as marking a special horizon and as traceable in all 
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the Lias quarries throughout the district. This band indicates a 
change in the character of the deposition which is marked by the 
presence of a peculiar fish-fauna, as evidenced by the occurrence 
therein of teeth of Hybodus, Acrodus, Leptolepis, and Dapedius. 
The section next visited—a wide open clearing—presents one of the 
finest and most characteristic expositions of the White Lias in the 
district. This section embraces the whole series of beds from 
the ‘“‘ Keuper” upwards. The “ Bone-bed”’ does not occur on any 
special horizon, but is distributed over several different beds. The 
“White Lias,” about twelve feet thick, rests on the ‘“Cotham 
Marble,” or “‘ Landscape Stone,” which is about a foot in thickness. 
At the top of the Lias occurs the so-called “Sun-bed” of William 
Smith, above which are the beds of Ostrea liassica. The “ Planor- 
bis ” zone is here absent. A list of the organic remains from the 
Weston quarries is given in Mr. Moore’s paper on Abnormal 
Secondary Deposits in the Quarterly Journal of the Geological 
Society for 1867, vol. xxiii. pp. 449-568. 

After luncheon, which was provided by Mr. Handel Cossham, the 
party proceeded in carriages by way of Cross Post Gate and 'Twerton 
to Pennycuick coal-pit. At this point a shaft is sunk through the 
Lower Lias to a depth of about 160 feet. The beds of coal to be 
reached are those of the lower coals of the Bristol basin, on the 
extreme edge of which the shaft is made. The coals being sought 
for on the edge of a “fault” will probably prove to be much broken 
and of inferior quality. From Pennycuick the carriages ascended 
the steep hill, by the Old Foss way, and passed over the Inferior 
Oolite and “Fuller’s Earth” beds to the plateau of the Great 
Oolite at Odd Down (ascertained by aneroid to be 450 feet above 
the Avon at Bath), and descended on the other side into the valley 
of Midford, where the new line to Hvercreech was in process of 
construction. Here an excellent section was presented, cut out of 
the “ Midford Sands” of William Smith, and by him considered 
to occupy the place of the Upper Lias—a wonderful example of the 
diagnostic faculty of the “ Father of English Geology,” which later 
and more exact knowledge has confirmed. These beds are doubtless 
the equivalents of the “Upper Lias Sands” of Frocester Hill, and 
are overlaid at this point by the Trigonia Grits of the Parkinsoni 
Zone, representing the highest beds of the Inferior Oolite ; the Oolite 
Marl and all the subjacent beds (200 feet thick) being absent; 
and this is found to be the succession of the beds throughout the 
Bath district. . 

It was now time to commence the return journey, and at four 
o’clock the party assembled at Mr. Cossham’s new residence at Weston 
Park, where about fifty sat. down to a sumptuous entertainment pro- 
vided by their kind and generous host, this being the third successive 
year in which the Cotswold Club has partaken of the same splendid 
hospitality. Dinner being over, Dr. Wright was called upon by the 
President to read his promised paper on “The Genesis of the Oolites.” 
This paper was deferred at the previous meeting of the Club through 
want of time to read it; and even on the present occasion the time 
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was so restricted that Dr. Wright was constrained to compress within 
the limits of half an hour an address which needed more than double 
that time for its due elaboration. The lecture was illustrated by 
excellent and beautiful sections and figures. The author commenced 
by saying that this subject had long occupied a place in his thoughts, 
and that only of late it had gathered such form and consistence as 
would permit him with confidence to put it forward. He had long 
been persuaded that without an intimate knowledge and study of 
the structure of the Zoophyta, it was not possible to comprehend the 
incalculable importance of those obscure creatures in the seas of 
ancient and modern times. He briefly described the anatomy of the 
“Sea Anemone” as typical of a large section of these Zoophytes, 
and pointed out the difference between those which have no cal- 
careous skeleton like the Anemone, and those which build coral 
structures or reefs in tropical seas, the calcareous material whereof 
they are constructed being derived from the water of the ocean ; and 
by colonies of these tiny architects working in unison, structures of 
gigantic proportions are produced. The lecturer then showed how 
that the reef-building corals can only live and work in water, having 
a temperature of from 80° to 82°; and as that condition is now 
chiefly found between 380° north and south of the equator, their 
operations are for the most part confined within those limits; while 
even in those latitudes where the ocean is traversed by cold currents, 
there zoophytic life is absent. He then explained that in certain 
areas of the earth’s surface, one portion is subsiding while others 
are rising; that observation had shown that the Coral Sea of our 
time is a vast area of depression, and that the life-conditions within 
that area being very favourable to the development of Zoophytes, 
there was a prodigious growth of reef secretion; that when they 
built around land it formed a “fringing reef”; when that land 
underwent a further subsidence, the zoophytic structure became a 
“barrier reef”; and that when the land became entirely submerged, 
rings of coral, “ Atolls,” like Whit-Sunday Island, alone remained to 
attest the former presence of terra firma. He then explained how 
the waste of the reef is ground into a fine mud or into a coralline 
sand, that the calcareous paste coats particles of sand which become 
cemented around the nucleus, and how by the constant roll and 
agitation of an ever restless sea these physical conditions lead to the 
production of Oolitic Limestones which are found around the shores 
of the coral islands of our own time. Having thus established the 
fact that Oolitic Limestones are produced under the conditions just 
described, he proceeded to apply this natural history fact to an 
explanation of what had not yet been attempted, namely, the genesis 
of the Oolitic rocks, some of which they had seen that day. He said 
that the Oolitic series of rocks may be generally described as a 
succession of argillaceous deposits, as the Lias, Oxford Clay, and 
Kimmeridge Clay, with interposed beds of Oolitic rock, such as the 
Inferior Oolite, the Coralline Oolite and the Portland series; that 
the coralline theory applied only to the Oolitic Limestones, for the 
argillaceous deposits have clearly been formed under other conditions. 
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Nearly all the Oolitic Limestones contain coral structures more or 
less extensive; in the Inferior Oolite were three distinct reefs super- 
imposed on each other, having intermediate beds of Oolite rock; the 
Great Oolite had its reef; the Coral Rag possessed its reef; and the 
Portland beds contained Zoophytic productions in like manner. 
Now there was no doubt in the mind of any one who saw such a 
rock as he (the lecturer) held in his hand but that it was a mass of 
coral secreted by a Jurassic Zoophyte. But what was the roe-stone 
or Oolitic rock which rested upon the reef? He submitted that it 
was nothing more nor less than a portion of the wasted reef, which 
had been broken and triturated and ground into mud; that the paste 
had coated particles of sand, and the whole had been cemented by 
the calcareous waters and formed into the rock we call Oolitic 
Limestone. For all these granules had a nucleus, and the cal- 
careous globule was made up of a succession of laminz, as may 
readily be seen in thin sections of the rock prepared for the 
microscope. So the genesis of the Oolitic rocks was due to the vital 
energies of the Zoophytes that lived in the Jurassic seas. ‘The 
reefs that remained were mere fragments of those which had once 
existed, and the reefs that had disappeared had furnished the 
materials out of which the Oolites had been constructed. 'The same 
explanation would apply to the Oolitic beds found in the Carboni- 
ferous Limestone, which had been formed by the waste of the Coral 
beds in the Carboniferous seas. But the Oolitic grains of the Carbon- 
iferous Oolites had often a small foraminiferous shell as their nucleus, 
instead of the particles found in the Jurassic Oolites; but in both 
cases the process of production was the same; the granules had been 
rolled along a shore and cemented into rock by a calcareous cement, 
just as Oolitic beds are now in process of formation along the shores 
of the coral reefs of our own day. There was only one true method 
to interpret nature, and that was to watch how she proceeded in any 
of her operations, and thus, having learned her modus operandi, to 
explain the unknown by the known. There was another point 
connected with this subject which the lecturer glanced at, namely, 
the subject of geological time, which he illustrated by showing how 
that all these reefs in the different Oolitic rocks had been built by 
different species of Zoophytes, and as the life of individual species 
was of long duration, as proved by the Zoophytes which construct 
the reefs in the Gulf of Florida, so then the life of the species in the 
Jurassic age, if they lived as long then as they do now, justified the 
inference that the genesis of the Oolites was a very old and a very 
long story indeed. Dr. Wright exhibited a beautiful enlarged draw- 
ing by his friend Mr. Beach, who had prepared it from an illustration 
by Professor Heer, showing the ancient physical geography of the 
land with its plants and animals in the Jurassic sea. 

Dr. Wright was greeted on the conclusion of his address with 
loud and hearty applause, and thanks were returned by the Presi- 
dent and others for the new light which his explanation threw upon 
the important question of rock formation—a problem which this 
. paper has done much to solve. 
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The President, in the absence of Professor Dyer, read a paper by 
that gentleman on ‘“ Clayey Partings in the Cotswold Oolites.” The 
observations contained in this paper were directed to the composi- 
tion of the clay in these fissures, and a comparison was instituted 
between the chemical constituents of the clay in question and that 
found under somewhat similar conditions in the Bahama Islands. 

Mr. Moore said this was a physical and not a chemical question. 
He had been engaged for many years in investigating the nature 
and contents of these vertical fissures in the Cotswolds, and the 
results of his inquiries, which had been interrupted by ill-health, 
had proved of a very remarkable and unexpected character. He 
found in these fissures evidence of both marine and freshwater 
action. Of the former, in the presence of portions of a Cirripede 
(Pollicipes) ; and of the latter in the presence of land and freshwater 
shells, bog iron-ore, and bones and teeth of Arvicola in great 
abundance. 

Mr. Htheridge quite concurred with Mr. Moore in the opinion 
relative to the physical rather than the chemical origin and condi- 
tion of the clays filling in the joints and fissures. He had with Mr. 
Lucy carefully examined the condition of the clays in question and 
the numerous pebbles found in them, and attributed them to the 
time when the Cotswolds were under water. This was confirmed 
by the remains of Pollicipes and other forms found by Mr. Moore in 
the clay of the fissures. 

With the reading of this paper the day’s excursion closed.— 
Gloucester Journal. 


GxotocicaL Soctery or Lonpon.—I. April 29, 1874.—John 
Evans, Esq., F.R.S., President, in the Chair. The following com- 
munications were read :— 

1. On the Gault of Folkestone.” By F. G. H. Price, Esq., F.G.S. 

The author divided the Gault into two great sections, Upper and 
Lower Gault, which he again subdivided into eleven well-defined 
zones, mostly named after characteristic Ammonites. Each of these 
zones or beds is numbered, commencing with No. xi., the zone of 
Ammonites interruptus, which bed forms the base of the Gault, re- 
posing upon the Folkestone beds of the Upper Neocomian. 

He found the thickness of the deposit at Copt Point to be 99 feet 
4 inches. 

He had collected as many as 228 species from the beds, including 
the following new species:—Avellana pulchella, Natica obliqua, and 
Nucula De Rancei, which he described. 

The paper was accompanied by a table of species, setting forth the 
various beds in which the particular fossils have been met with. 

2. “On the Cretaceous Rocks of Beer Head and the adjacent 
Cliff-sections; and on the relative Horizons therein of the War- 
minster and Blackdown Fossiliferous Deposits.” By C. J. A. Meyer, 
Esq., F.G.8. 

The author remarked that in advancing westward from the Isle 
of Wight the Cretaceous rocks diminish steadily, although unequally, 
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in thickness, and change slightly both in mineral character and fossil 
contents, while the base of the series rises gradually in the cliff- 
sections. The chalk cliffs of Beer Head, the most westerly chalk 
promontory in England, owe their preservation, in his opinion, partly 
to a local synclinal arrangement of the strata. The Cretaceous rocks 
of the district include the following, in descending order :— 


Upper Chalk (in part) ? Chloritic Marl. 
Medial Chalk. Upper Greensand. 
Lower Chalk. Gault. 

Chalk Marl. (?) 


The author described in detail the minor subdivisions of these 
series, and gave lists of the fossils found in them in sité. The base 
of the section is occupied by beds, which he identified with those of 
Blackdown, certainly underlying the Upper Greensand, and appa- 
rently occupying the position of the Gault or of the Gault and 
Upper Neocomian in part. The Warminster beds, on the contrary, 
were said to cap the Upper Greensand, and to be in reality Chloritic 
Marl. The author suggested that the term Upper Greensand should 
be applied exclusively to beds between the Gault and Chloritic 
Marl, and that the latter should be considered a distinct division. 


Discussion.—Mr. Wiltshire remarked that the various beds were frequently 
divided by lines of nodules, especially towards the bottom, and that these nodules 
had definite forms in the. different belts, in some being all rounded, in others 
radiate. He thought it very desirable to ascertain the reason of this. With regard 
to Ammonites rostratus, he stated that its aperture was beaked in the young as well 
as in the adult state, and remarked that information as to its mode of growth, and 
especially whether the successive beaks were absorbed, would be of much interest. 
The Blackdown beds he correlated with the lower part of Mr. Price’s subdivisions. 
He also referred to the unexplained fact that a bed at the base of the Gault con- 
tains both shells and casts. 

Mr. Carruthers referred to the discovery in the Gault of Folkestone by Messrs. 
Gardner and Price of cones belonging to two species of Seguoza, and associated 
with these some species of Pixs, two of which were to be referred to a group of 
that genus at present found associated with the two existing species of Seguoza on 
the mountains of western North America. These Seguote from the Gault are the 
oldest known representatives of the genus ; and it is remarkable that they should 
be thus early associated with species of the same group of Pines which is now 
represented only in the same country where the Seguoze also grow. Mr. Carruthers 
believed this to be the earliest trace of the geographical distribution of plants which 
now exist on the surface of the earth. 

Mr. Topley remarked that the lithological and stratigraphical break between the 
Gault and the Neocomian is less marked than is generally supposed. At a place 
near Folkestone the lithological difference is so small that it becomes difficult to 
say where the one ends and the other begins. At Folkestone the highest beds of 
the Neocomian are false-bedded sands ; and, contrary to what might be expected, 
these sands are the most constant of the series, always occurring where the 
Neocomian is represented below the Gault. As the Gault is traced westwards, we 
come to places where it is difficult to discern any difference between it and the 
Neocomian. He stated that Professor Way had found the exterior of the nodules 
to contain more phosphate of lime than the interior, which seemed to indicate that 
the phosphate came from without. 

Mr. Charlesworth doubted whether the fossil egg, if that of a Crocodile, could 
be that of a living species. With regard to the forms of nodules, he remarked that 
in the Crag the nodules round the fang-like bases of sharks’ teeth were more or 
less globular ; and he did not think that the form of nodules has any relation to 
that of the nucleus around which they may have been aggregated. 

Mr. Hawkins Johnson considered the nodules to be due to organic structures, 
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probably sponges, which had grown upon a hard bottom, and afterwards been 
affected by its mineral constituents. 

Mr. Teal inquired whether the nodules at the base of the Gault had been rolled. 

Mr. Seeley having examined the supposed Crocodile’s egg, declared that from 
_ its form it could not be that of a Crocodile, and he did not think it was that of a 
Turtle. It might possibly be the egg of an /chthyosaurus or Plesiosaurus. He 
stated that he had found nodules of different forms scattered indiscriminately in 
the Gault, and that his investigations led him to believe that all these nodules had 
been subjected to wear and tear before coming into their present position. The 
subdivisions of the Gault recognized at Folkestone would not, he thought, be re- 
presented elsewhere ; for their mineral characters were found to change greatly 
towards the west, the Gault itself becoming more sandy and micaceous as it 
approaches the granitic rocks, He believed that the Blackdown beds represented 
both the Greensand and the Gault. 

Professor Hughes thought that we should take as the base of the Lower Cretaceous 
Series the first marine beds which succeed the freshwater deposits of the S.E. of 
England and rest on the Trias and older rocks in the S.W. He considered them 
to be deposits formed during a considerable period, as successive parts of an irre- 
gular land-surface were being depressed below the sea ; so that a shore deposit 
might be formed at Blackdown while fine sand or clay was being thrown down 
further out to sea over that part of the S.E. of England which had already been 
submerged to a considerable depth. 

Professor Ramsey observed that the value of such detailed sections, in a palzeon- 
tological point of view, was very great ; and with respect to the physical relations 
of the Gault and Upper Greensand, he stated that in some parts of England there 
is lithologically no clear line of demarcation between the two formations ; and in 
like manner in some other areas there is no very definite boundary line between 
the Upper Greensand and the Chalk. He then drew attention to the views 
originally advanced by Mr. Godwin-Austen, who showed that in this part of the 
world all these Upper Cretaceous formations were deposited over a great con- 
tinental area that was being slowly submerged, so that while the Upper Greensand 
began to be deposited in the sea in one area much of the land still stood above 
water, and as it got depressed these Greensand strata were gradually deposited on 
the sinking land. For this reason the two ends, so to speak, of a long section of 
the Greensand will be of somewhat different age ; and while the end nearest the 
land was being deposited as sand, further out at sea true Chalk was being formed, 
and thus much of the Upper Greensand may be considered to have been formed 
contemporaneously with much of the Lower Chalk under different local conditions 
of proximity of land and depth of water. 

Mr. Blake believed that the animal of Ammonites vostratus may have lived out- 
side its shell. 

Mr. Price stated that he did not wish to imply that the divisions indicated in his 
paper would hold good over wide areas. He added that bones of Turtle were not 
unfrequent in the Gault. 

Mr. Meyer said that the division between the Gault and Greensand was not 
distinct. The Beer stone deposited in a hollow to the westward exhibited a 
change of texture. The upper beds of the Lower Greensand of Folkestone re- 
present a lower horizon of the Lower Greensand at Guildford.—This was the last 
Meeting held in the old apartments of the Society in Somerset House. 


II.—May 18th, 1874.—Opening meeting in the New Rooms of 
the Society in Burlington House.—John Evans, Esq., F.R.S., Presi- 


—— dent, in the Chair.—The following communications were read :-— 


1. “Note on some of the Generic Modifications of the Plesiosau- 
rian Pectoral Girdle.” By Harry G. Seeley, Esq., F.L.S., F.G.S8. 

The author stated that Plesiosauria differ from all living reptilia, 
except Chelonians, in wanting a sternum, and pointed out the re- 
semblance between the plesiosaurian coracoid and the coracoid and 
precoracoid of Chelonians, inferring that the plesiosaurian scapulz 
had been carried forward by the potential ossification which elon- 
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gated the plesiosaurian neck. He compared the chelonian plastron 
with the plesiosaurian girdle-bones, to show the dependence of form 
in the chelonian type upon the potential energy due to the conditions 
of locomotive activity, and used this consideration in elucidation of 
chelonian and plesiosaurian resemblances and differences. The 
plesiosaurian interclavicle he regarded as homologous with the che- 
lonian and lacertian interclavicle; but the chelonian clavicles he 
believed to be epiphysial, potential representatives of the precora- 
coids, and therefore bones of which no analogues should be sought 
in Plesiosaurs on the theory of their chelonian affinities. He 
believed that the clavicles were occasionally distinct from the inter- 
clavicle, though usually blended with it, just as all these ossifications 
become obliterated by scapular extension. 

The restorations and interpretations of the plesiosaurian pectoral 
girdle given by Conybeare, Hawkins, Owen, Huxley, Cope, and 
Phillips, were discussed, and reasons given for dissenting from their 
views. The old genus Plesiosaurus was divided into two families, 
the Plesiosauride, containing the genus Plesiosaurus, and the Hlasmo- 
saurida, with Hretmosaurus, Colymbosaurus, and Murenosaurus. 

A new type was taken for the genus Plesiosaurus, which showed 
distinct clavicles. Mretmosaurus has neither clavicle nor interclavicle, 
and the scapule, concave in front, are blended in the median line, 
and blended laterally with the coracoids. Its type is Plesiosaurus 
rugosus of the Lias. Colymbosaurus has for its type Plesiosaurus 
megadeirus of the Kimmeridge Clay. It has no interclavicle, the 
scapulz are prolonged forward in a wedge and backward, so as to 
meet the coracoids in the median line, and enclose two coraco-scapular 
foramina. 

Murenosaurus is founded on a new type from the Oxford Clay. 
It has no interclavicle, but the scapule are prolonged forward to 
meet in the median line; they are not prolonged backward to meet 
the coracoids, hence but one coraco-scapular foramen is formed. A 
similar condition marks the pelvic girdle. 

2. “ Murcenosaurus Leedsii (Seeley), a Plesiosaurian from the 
Oxford Clay.”—Part I. By Harry G. Seeley, Esq., F.L.S., F.G.S. 

All parts of the animal, except teeth, ribs, and hind limbs, were 
described. The premaxillary bones extend bird-like between the 
nares to the frontals. The foramen parietale is between the parietal 
and frontal, and directed backward. The cerebral lobes of the brain 
have a chelonian form, are prolonged in olfactory nerves, like those 
of Teleosaurus, and have the optic lobes moderately developed. The 
exoccipital bones do not enter into the occipital condyle. The basi- 
sphenoid is perforated by the carotids, as in Ichthyosaurus. ‘The 
hypoglossal nerve does not perforate the exoccipital bone. 

There are 44 cervical, 3 pectoral, 20 dorsal, 4 sacral, and the 
first 8 caudal vertebrz preserved. tlas and axis are anchylosed. 
The zygapophyses are semicylindrical, being concave in front and 
convex behind. A process of the neural spine is prolonged between 
the anterior zygapophyses, so as to divide the posterior zygapophyses 
and lock between them. The caudal vertebra have the facets for 
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the chevron bones free from the articular margins, forming large 
prominent unequal tubercles on the base of the centrum. The cora- 
coids are as broad as long, nearly square, not prolonged in front of 
the humeral articulation. The scapule are sickle-shaped, thin 
towards the median line, and without any suprahumeral process. 
The pubic bones are transversely oblong, and the ischial bones more 
than usually triangular, owing to there being no forward prolonga- 
tion to meet the pubes. The iliac bones are less expanded at the 
proximal end, and relatively longer than usual. In the limbs the 
ulna and radius approximate in form to those bones in Pliosaurus, 
and the phalanges resemble those of Pliosaurus in not being com- 
pressed from side to side. There are six polygonal carpal bones. 

Discussion.—Mr. Hulke said that it was only with great diffidence that he 
ventured to speak on the anatomy of Plesiosaurs. He urged that a suspension of 
judgment was desirable, as many points in the anatomy of these Saurians are but 
imperfectly known, seeing that bones which are displayed in one specimen may be 
concealed in the matrix in another. He thought that two types might be recog- 
nized among Plesiosaurs,—one with the coracoids extended longitudinally, the 
other with those bones transverse. 

Mr. Charlesworth regretted that the Palseontologists who had specially written 
on the subjects treated of by Mr. Seeley were not present, and thought that the 
author was rather teo dogmatic in his tone. He suggested that the distribution of 
casts of typical specimens to different museums would be of great advantage. 

Mr. Seeley stated that he had endeavoured privately to bring his own views into 
harmony with those of other writers ; and having enjoyed some facilities for arriv- 
ing at the precise meaning of Prof. Owen’s determinations, he wished to express 
his sense of that gentleman’s generous appreciation of modern scientific progress 
and discovery. He believed that the apparent difference of his own determinations 
from those of previous writers was due rather to indecision of determination and 
absence of evidence for the purpose of determination in former times than to any 
fundamental differences between himself and others. 

3. “On the Remains of Labyrinthodonta from the Keuper Sand- 
stone of Warwick, preserved in the Warwick Museum.” By L. C. 
Miall, Esq. Communicated by Prof. Huxley, F.R.S., F.G.S. 

In this paper the author first noticed the remains of Labyrin- 
thodonts from the Warwickshire Keuper, acquired by the Warwick 
Museum since 1842, the date of Prof. Owen’s memoir on this subject, 
and then reviewed the determinations of Prof. Owen. He considered 
that Labyrinthodon ventricosus, Owen, is not a distinct species, and 
that L. scutulatus, Owen, has not been proved to be a Labyrinthodont. 
The species as identified by the author are as follows :— 

Mastodonsaurus Joegeri, von Meyer. 
—— pachygnathus, Owen. 
Labyrinthodon leptognathus, Owen. 
Diadetognathus (g. n.) varvicensis, sp. n. 

In conclusion the author described some of the structural pecu- 
liarities of the teeth of various Labyrinthodonis. 


IJI.—May 27th, 1874.—John Evans, Esq., F.R.S., President, in 
the Chair. The following communications were read :— 

1. “On the last Stage of the Glacial Period in North Britain.” 
By T. F. Jamieson, Esq., F.G.S. 
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In this paper the author arranged the Glacial phenomena of Scot- 
land under the following three heads :— 

1. The great early glaciation by land-ice (maximum effects of 
glaciation). 

2. The period of glacial marine beds containing remains of 
Arctic Mollusca, when most of the eountry was covered by 
the sea. 

3. The time of the late glaciers, the special subject of the 
paper. 

After expressing himself in opposition to the hypothesis of a great 
polar ice-cap, the author described this last period as one not of 
mere local glaciers, but as characterized by a return of a great ice- 
sheet over nearly the whole of Scotland and Ireland; but he stated 
that this ice-sheet was probably neither so thick, so extensive, nor 
so enduring as that of the first period of glaciation, which cleared 
away every thing in the shape of superficial deposits down to the 
hard rock. He believed, however, that in the last period the moun- 
tains of Scotland and Wales, as well as the Pennine range and the 
rest of the north of England as far as Derby, were covered with 
thick ice, which in most parts reached down to the sea, and that 
extensive snow-beds prevailed over the rest of England. In the 
summer months the melting of these would give rise to streams of 
muddy water, and produce the superficial deposits of Brick-earth, 
Warp, and Loess ; whilst, when the currents were stronger, perhaps 
from the thaw being unusually rapid, deposits of gravel would be 
formed. This second ice-sheet would gradually become less and 
break up into valley-glaciers, which in their retreat would leave 
kaims and eskers at low levels, and moraines in the mountain- 
glens. During this time no new great submergence of the country 
took place; and the last great modifications of the surface were 
subaérial, and not submarine, the work having been done by frost, 
rain, and glaciers. 

DiscussIon.—Mr. Jeffreys considered that the author’s remarks relating to the 
beds containing arctic species of Mollusca were not. quite correct. Pecten islandicus 
has been found in the drift of Scotland, but not in the seas at present surrounding 
that country. At depths of 30 or 40 fathoms many arctic shells in a semifossil 
state have been dredged, although they do not now live in those waters. JZya 
truncata, a species which lives in very shallow water, has been found in much 
deeper water in a semifossil state. At Fort William there is a bed containing 
arctic species of shells seven or eight feet above the level of the sea. Arctic shells 
of deep-water species have occurred 200 feet above the sea. Different conditions 
have existed at different parts of the same seas, altering the character of the 
Mollusca. The raising of the sea-beds above the level proper to enable certain 
Mollusca to flourish would cause them to become extinct. 

Dr. Carpenter mentioned that cold water may be thrown up into very small 
depths under certain circumstances. Near Halifax, N.S., the surface-water is 
tolerably warm, but at no great depth the temperature falls to 35° F. In this case 
the rotation of the earth causes the cold water from the north to surge up on its 
western coast. The North Sea is a shallow sea, with a shoal in the middle, and 
having off the coast of Norway a deep channel, which conveys the cold arctic under- 
current, hence the east side is 10° F. colder than the west side. Local peculiari- 
ties of disturbance of temperature may thus occur within short distances. 

Prof. Ramsay remarked that the author was not dealing with wide ocean- 
deposits, but with ice coming down to the sea from the land. He had described 
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certain changes,—a great glacial period, a period of submergence, and a second 
minor glacial period. 

Mr. Prestwich maintained that temperature was a most important question in 
connexion with the subject of Mr. Jamieson’s paper. The glacial deposits were 
not formed in a deep sea, but in shallow water with shore temperatures. He 
thought that the paper was very speculative, and remarked that the evidence upon 
which the opinions expressed were founded was not always given. 


2. “Notes on the Upper Engadine and the Italian Valleys of 
Monte Rosa, and their relation to the Glacier-erosion Theory of 
Lake-basins.” By the Rev. T. G. Bonney, M.A., F.G.S. 

The author stated that he had examined (1) the small lakes on 
the summit of the Bernina Pass. These were situated in a position 
very favourable to glacier-erosion, and he thought might be attributed 
to that cause. (2) The lakes on the upper part of the Maloya Pass, 
These lay in three rock-basins, and at first sight seemed favourable 
to the glacier-erosion theory ; but further examination showed that 
they were in no way connected with the glacial system of the neigh- 
bourhood, and were probably preglacial. (3) The Val Bregaglia to 
the Lake of Como. The presence of barriers in the valley, its fre- 
quent V-like form, and the signs of glacial action to near the 
present level of the stream, seemed to indicate that the glacier had 
had but slight erosive power. (4) The Como arm of the lake. It 
was shown that the glacier, which was supposed to have excavated 
the lake, had passed over the ridge of Nagelfluhe and Molasse that 
incloses it, and had not been able to grind away its remarkably 
sharp crest. (5) Similar evidence was produced with regard to the 
Lake of Orta. (6) The Italian Valleys E. of Monte Rosa. These 
were shown to offer difficulties precisely similar to those of the Val 
Bregaglia. The author therefore argued that these cases showed how 
superficial the action of the glaciers had been; and that they must 
have been wholly inadequate to excavate the greater lake-basins, 
since no approach to this form, no U-like trough, was found in the 
valleys down which the glaciers had flowed on their way to the 
lakes. As then the principal features of the district appeared to be 
preglacial, he contended that disturbances of the beds of the valleys 
along lines transverse to their direction were more likely to have 
produced the lakes. 

Discussion.—Mr. Drew differed from the author, and thought that glaciers 
coming from different directions might have produced single results at certain points. 

Prof. Ramsay was glad to find that the author was gradually coming round 
towards his own views, as he now admitted that glaciers may have excavated some 
lake-basins. He argued that the valleys originated before they were covered with 
a thick coating of ice, but he maintained that at its origin the ice would have great 
weight and excavating power. 

Rey. J. F. Blake thought that if the slope of the bottom of the glacier changed, 
its excavating power would be increased. 

Mr. Koch had sounded many lakes, and found great circular cavities, which he 
thought could hardly be due to ice-action. In winter glaciers move very slightly, 
and would be able to perform very little work. 

The Author, in reply, remarked that ice-denudation is different from aqueous 
denudation. A glacier planes and could not cut out anotch. He said that he 
could only admit the smaller lakelets in special positions as the result of glacier- 
action. He did not think there was satisfactory evidence of the existence of an 


ice-sheet all over Switzerland. He urged that it is not always safe to argue from 
small phenomena to large ones. 
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DR. F. STOLICZKA, F.G.S., ete. 
Paleontologist to the Geological Survey of India. 

Tue sad news of the death of one of the ablest and most pro- 
mising of paleontologists and naturalists has reached this country 
by telegraph since our last publication ; and, although no particulars 
have yet been received, there seems. no reason to doubt the accuracy 
of the statement that Dr. Stoliczka, while returning from Yarkand, 
with the other members of the embassy to which he was attached 
as naturalist, died, among the snowy passes of the Himalaya, on 
the 19th June last. 

Ferdinand Stoliczka was born in Moravia in 1839 or 1840. Son 
of a distinguished forest-officer, he acquired, from his infancy and 
in his earliest rambles, that love of nature and familiarity with the 
habits and instincts of animals which distinguished his after-life. 
His early education was obtained at the “Gymnasium” of Kremsier. 
(Moravia), and thence, at the termination of his school course, he 
proceeded to the University of Vienna. Under the able guidance of 
Prof. E. Suess, he was led to devote himself to geology, and with 
the friendly and almost fatherly aid of Dr. Hornes, of the Imperial 
Cabinet, he made his first essay in paleontology. He took the 
degree of Ph.D. in the University. In 1861 he became attached to 
the Geological Survey of Austria, under the lamented Haidinger, 
and continued to work actively and earnestly for that institution 
until he left Europe. Several valuable papers mark his early and 
rapid progress at this time: “On some freshwater-beds in the 
Cretaceous formation ;” ‘ On the Gasteropoda of the Hierlatz beds ; ” 
«¢On the Oligocene Bryozoa of Lattdorf,” and others. In 1862 the 
Director of the Geological Survey of India, then visiting Europe 
with a speciai view to obtaining assistants for the staff of the 
Survey, offered to Dr. Stoliczka, whom he met in Vienna, with Drs. 
Haidinger and Suess, an appointment, which he accepted, and at the 
close of that year he sailed for Calcutta. Arriving in the East, he 
at once commenced his labours, and from that time until last year 
he had devoted himself with untiring zeal to the study of Indian 
fossils. During those few years more than 1600 pages of descrip- 
tive matter, and more than 200 large plates (quarto) of fossils, have 
been issued under his care. The entire series of the Cretaceous 
fossils from S. India, one of the most valuable and complete series 
ever yet published from a single limited group, has been illustrated 
in four very large volumes, and descriptions of Crabs from Kutch, 
of Frogs from Bombay, and fossils from the several geological 
formations of the Himalaya, have also been issued. The best proof 
of the value set upon Stoliczka’s labours is given in the fact that the 
Government of India had just sanctioned double the amount of 
grant for these publications, so as to facilitate and expedite their 
issue. Nor was his work confined to the examination of fossils in 
the cabinet. In June, 1864, as soon as it was practicable for him, 
he started to the Himalaya, and succeeded in making a very wide 
trip across the highest passes into Thibet and back. The results of 
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this trip were given in a remarkable memoir in the Geological 
Survey of India (vol. v.), with sections, fossils, etc. In the follow- 
ing year he started again for the hills, and after one of the most 
extended and fatiguing journeys ever accomplished in one season, 
and crossing almost all the principal passes, and many “minor 
passes about 18,000 feet in elevation,” the trip extending over more 
than six months, he returned to Calcutta. The wonderful energy 
and zeal of Stoliczka enabled him to go through this, but, as he 
feelingly says himself, “after a horrible experience of hill travel- 
ling.” Still the exertion and exposure was too great for him, and 
he was for many months after extremely unwell, and though never 
interrupting his work, only able to go on with difficulty and suffer- 
ing. In the spring of 1867, the only. chance of his permanent 
recovery appearing to be a visit to Hurope, and cessation of work 
for a time, Dr. Oldham took him with him for a six months’ tour, 
During this time they visited most of the principal collections of 
geology in Europe, and he thus made the acquaintance of many till 
then unknown to him. Everywhere he studied these EHuropean 
collections with vivid interest. During this trip with Dr. Oldham, 
the extensive series of fossils collected by Prof. Klipstein, Giessen, 
was secured for the Calcutta Museum. 

Returning about the end of the year to Calcutta, he resumed his 
work, with greatly improved health, though still far from strong. 
But each season appeared to add to his vigour, and he continued to 
improve in strength. During the succeeding years he made several 
minor trips to Burmah, Penang, Singapore, the Andaman and 
Nicobar Islands, to Darjeling, etc., invariably bringing back valuable 
contributions to the natural history of the places visited. In 1871 
he spent the cold season and part of 1872 in Kutch, which he care- 
fully examined palzontologically under many difficulties. He was 
able to establish several very important sub-divisions in the rocks 
there, and to fix their relations to Huropean groups; and he brought 
back a very extensive collection of fossils. This series was in actual 
preparation for publication when he left Calcutta, and already a 
commencement had been made with the Cephalopoda by Dr. Waagen, 
his colleague. In the early part of 1875 he made a trip to the 
Andaman Islands, the Nicobars, etc., when he was very nearly lost, 
his eagerness of research leading him too far into the forest, from 
which he was only recovered after a long search by his companions 
in the trip. When he started on this trip, his longing hope was to 
visit his old colleagues in Vienna during the Exhibition in 1873, 
and all arrangements had been made for this. But on his return, 
finding that it was intended to despatch an envoy to Kashgar, to 
return the visit of the Yarkand envoy to the Viceroy in India, his 
love of travel and research was all rekindled, and he tried eagerly 
to seize such an opportunity of seeing countries rarely visited by 
Kuropeans, and regarding which so little was known. He at once 
abandoned all prospects of coming to Europe, and prepared for the 
journey. After considerable delay the party started, rather later in the 
year than is desirable, to cross the snowy passes. Dr. Stoliczka suf- 
fered very severely in this inclement and severe exposure, and it was 
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even reported that his strength had succumbed to the trial. But letters 
from him up to a period just before his starting to return led to the 
hope that he had quite recovered from this attack. But it was not 
permitted to him to reach his friends again, and he died as stated, 
amid some of the wildest scenery of the hills he loved so dearly, on 
the 19th June. 

Few men have been more thoroughly saturated with the love of 
their pursuits and of nature than was Stoliczka. It was this which 
rendered his influence, always for good, much more widely felt than 
merely in his own department. There, too, his unremitting devotion 
and earnest labours were the strongest stimulant to others to do 
their best, in order to keep pace with him; but this influence had 
also made itself felt by every cultivator of natural science in India. 
For several years Stoliczka was Natural History Secretary to the 
Asiatic Society of Bengal, and it is mainly to his exertions that this 
Society owes its resumption of much of its early vigour. Its journal 
for years past is full of contributions of high value from his pen in 
almost every branch of natural history. How highly his services 
were appreciated and valued by his colleagues will be best seen in 
the reports of the Geological Survey and of the Asiatic Society, 
while his happy disposition and the genial sociality of his tempera- 
ment, coupled with the inflexible rectitude of his character, rendered 
him a general favourite. Cut off at the early age of 35, few men will 
be more deeply regretted by those who had the privilege of knowing 
him, few will be more truly missed than Ferdinand Stoliczka. 


CORRESPONDENCE. 


RAISED BEACHES AND ANCIENT IRISH VOLCANOS. 

Srr,—The Guotogican Macazine for May, 1874, has just come 
to hand. With reference to Mr. Hardman’s paper, p. 215, para- 
graph second, he will find another case of raised beach and sub- 
marine peat, also on the south coast of Ireland, mentioned in Quart. 
Journ. Geol. Soc. Lond. vol. xxiv. p. 4; also in Geox. Mag. 1867, 
Vol. IV. p. 8; May, 1868, p. 244; October, 1868, p. 484. 

It would be interesting if any concordance could be found between 
the phenomena of the two places, though I cannot recall any evidence 
of three submergences at the one I refer to near Youghal. 

In Professor Hull’s address, in the same Number, p. 205, I 
presume he did not intend to notice all the volcanic eruptions of 
Carboniferous times in Ireland or he would not have omitted to 
mention Croghan Hill, near Phillipstown, thought by the late Pro- 
fessor Jukes to be the funnel of an old volcano. A. B. Wynnu. 

MurrEE, Pangan, June 10th, 1874. 


Mr. Josep Prestwicu, F.R.S., F.G.8., has been appointed to the 
office of Professor of Geology in the University of Oxford, as 
successor to the late Prof. Phillips. 

The Council of the Institution of Civil Engineers have awarded a 
Telford Medal and a Telford Premium to Prof. Prestwich, F.R.S., 
Assoc. Inst, C.E., for his paper, “ On the Geological Conditions affect- 
ing the Construction of a Tunnel between England and France.” 
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1.—REMARKS UPON THE RELATIONS AND GROUPING OF THE PERMIAN 
AND Triassic Rocks. 


By Horace B. Woopwarp, F.G.S., 
Of the Geological Survey of England and Wales. 


HE physical history of the Permian and Triassic rocks of Great 

Britain has been told by Professor Ramsay, who has pointed 

out that the beds were deposited in great inland lakes, for the most 

part salt.’ Without entering into the consideration of this subject, 

there seems to be much that requires to be unravelled in regard to 

the structure of the beds individually, and much that has yet to be 
explained in regard to the relations and grouping of the rocks. 

In their general lithological characters there is a marked simi- 
larity throughout the Permian and Triassic series, consisting as they 
do of red sandstones, conglomerates, and marls, with occasional beds 
of limestone. Originally, the whole of these rocks were classed as 
New Red Sandstone, and the name “ Poikilitic,’ subsequently sug- 
gested by Conybeare, as an equivalent term, is one that possesses 
many advantages to recommend it. The ideas that as students we 
derive from our text-books are that the Permian beds form a group 
overlain unconformably by the Trias, and sufficiently distinct 
in their paleontological aspect to be classed as Paleozoic ; whilst 
the Triassic beds (classed as Mesozoic) are divided into Bunter and 
Keuper, and are regarded as equivalents of the same beds on the 
Continent—the Muschelkalk being considered to be absent in the 
British area, and the Keuper beds to rest unconformably upon the 
Bunter. 

The exact evidence upon which these ideas are based appears, 
however, to be conflicting when it comes to be examined into, and 
frequently to have but a very local significance, as more recent re- 
searches have tended to show. It may therefore be interesting to 
draw attention to some of the points of the case, and to notice 
some of the later opinions expressed. 

The history of the researches into the Permian and Triassic beds 
has been given at length by Professor Hull in a work detailing the 
investigations of the Geological Survey in the midland counties of 
England: it will suffice therefore to refer to his Memoir’ in regard 
to this part of the subject. 

1 Quart. Journ Geol. Soc., vol. xxvii. pp. 189, 241. 
2 J’ublished by the Geological Survey. 
DECADE II.—VOL. I.—NO. IX. 25 
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Jn our tables of British’ strata we generally find a classification 
similar to the following :— 

Red and Variegated Marl. 

Keuper Lower Sandstone and Marl. 
Dolomitic Conglomerate. 

Trias ¢ (Muschelkalk wanting in England.) 

Upper Mottled Sandstone. 

Bunter Pebble-beds. 
Lower Mottled Sandstone. 


Upper or (Upper Red Marl and Sandstone. 
Mignesian ) Upper Magnesian Limestone. 

. | Limestone ) Lower Red Marl and Sandstone. 
pomen, Series. Lower Magnesian Limestone. 


eeanerea { Red Marl, Sandstone, Breccia and Conglomerate. 

For this series the term “ Poikilitic” has been employed by Prof. 
Phillips ; and in his recent work on the “Geology of Oxford and 
the Valley of the Thames,” he has treated all the beds “between the 
Coal and the Rheetic base of the Lias as one great physical ‘ Poikilitic’ 
series.” He observes (p. 88) that “‘in some respects and in some 
districts it is, however, more convenient to adhere to the old estab- 
lished alliance of the Permian many-coloured deposits, with the 
variegated sandstones and clays of the New Red series; for the 
physical history of these two great groups is, on the whole, one 
great sequence of natural operations. There are indeed cases, as in 
Lancashire and Cheshire, and in a less degree in Derbyshire, where 
a kind of gradation appears between the Coal formation and the 
Permian sandstones, which are locally conformed to it; so that, in 
fact, we shall do wisely to adapt our classification to the region 
which specially engages attention, for local description and limited 
inference.” 

In East Yorkshire there is considerable similarity between the 
beds at the base of the Permian series and those at the top of the 
Coal Measures, and the beds have been differently classified in places 
by geologists.’ 

Prof. Hull, however, believes that there is an unconformity 
between the Permian and Carboniferous rocks in Lancashire and 
Yorkshire.’ 

It is considered by some that the different members of the Permian 
formation are not strictly conformable to one another. A most de- 
cided instance of unconformity is stated to be in the railway-cutting 
at Tadcaster. ‘‘The Middle Marl has there thinned away to a mere 
seam, so that the Upper Limestone rests almost directly on the 
Lower, and at the base of the former there is a thin bed of gravel 
formed of Lower Limestone pebbles.’’* 

Tn isolated masses, as might be expected, it is not always easy to 
distinguish between the Permian and Triassic beds. ‘Thus certain 

1 See Mr. Bristow’s “ Tables of Strata’’ (published by Stanford.). 

2 See Explanation of Quarter Sheet 98 S.E. of the Geological Survey Map of 
England, pp. 28, 29. 


3 Quart. Journ. Geol. Soc., vol. xxiv. p. 327. 
4 Explanation of Quarter Sheet 93 8. W., p. 10. 
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red sandstones in Lancashire, referred to the Permian period by Mr.. 
Binney, have been considered as Bunter by Prof. Hull; although, 
the latter admits that, “isolated as the beds are here, there can be no: 
certainty regarding their age.” } 

The Rev. A. Irving, in an interesting paper upon the Geology of 
the Nottingham District, remarks that there are clear signs of con- 
tinuous deposition of the Permian and Lower Bunter rocks; and, so: 
far as the area is concerned, the stratigraphical data seem to point to. 
the Permian and Bunter as but portions of one. great unbroken, 
sequence of rocks. Referring to Prof..Hull’s: Memoir on the 
Permian and Triassic Rocks of the Midland Counties, he comments: 
upon the meagre evidence on which the great line of demarcation. 
between the Bunter and Permian rocks has been. drawn in the 
northern Permian area.” 

Turning to: the Triassic beds, Mr. Irving refers to the eroded or: 
denuded surface of the Bunter, where overlain by the Keuper, which. 
has been observed in the neighbourhood of Nottingham. 

In County Down, according to Mr. J. Anderson, however, the 
Keuper and Bunter divisions appear conformable.* 

In regard to the principal cases of unconformity that have been 
noticed as occurring between the Keuper and Bunter strata, re- 
ference may be made to Prof. Hull. He remarks that “there is 
every reason: to believe that the bed of the New Red Sandstone sea 
over the English area was elevated into dry land during the suc- 
ceeding period of the Muschelkalk. This elevation, and subsequent 
submersion at the commencement of the Keuper stage, has left its 
evidences. in the eroded surface, and slight unconformity, which is 
locally * observable between: the two. divisions of the Trias of 
England.”* Mr. Hull frequently alludes to the highly eroded 
surface of the Bunter where overlain by the Keuper; in regard to 
the unconformity in dip, however, the following remarks of his are 
important :—‘‘The district around Ormskirk affords several very 
interesting sections in the Trias, and it is the only one with which I 
am acquainted where we obtain in one section visible evidence of 
the unconformity of the Bunter and Keuper divisions. The deep 
sections opened out by the Ormskirk and St. Helen’s Railway, if 
not everything that could be wished for the purpose of demon- 
strating the discordance between: the: two. divisions of the Trias, are 
probably as satisfactory as the nature of the rocks admit of. ; 
The basement bed of the Keuper Sandstone consists of coarse light 
red or brown grit, containing small pebbles of white quartz, and 
traversed by planes of current-bedding. It rests on a distinctly 
eroded surface of the Upper Mottled Sandstone of the Bunter series. 

. - . Upon a careful examination the Keuper Sandstone will be 
found to overlap successive beds of the Bunter, which are distinguish- 

1 Memoir on the Triassic and Permian Rocks, p.. 41. 

2 Grou. Mac. Decade II. Vol. I. pp.. 315, 316.. 

3 Proc. Belfast Nat. Hist. Soc., 1873, p. 41.. 

4 The italics are mine. 


5 The Triassic and Permian Rocks of the Midland Counties of England. Memoirs 
of the Geological Survey of England and Wales, 1869, p. 66. 
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able principally ‘by colour, but also by other mineral characters.” 
Further on Mr. Hull speaks of it, as “this, to all appearance, un- 
conformable overlap of the lower division of the Trias.”} 

In Shropshire, Mr. Hull remarks that “there is some uncertainty 
as to the exact line of demarcation between the Bunter and Keuper 
series, as the uppermost beds of the former are sometimes suf- 
ficiently hard for building purposes.” ” 

It is unnecessary to enter further into a discussion of the relations 
of the Bunter and Keuper formations, for these quetations will be 
‘sufficient to indicate the unsatisfactory evidence of any considerable 
‘break having oecurred between the subdivisions of the Triassic rocks 
ain England, to warrant the notion that ‘the close of the Bunter 
‘Sandstone period in Kngland was accompanied by a general eleva- 
‘tion of the whole of the Triassic area, in which conditien it remained 
‘throughout the period of the Muschelkalk.” * 

In the south-west of England, or in the country that lies between 
Bristol and Exmouth, there is a considerable development of the 
New Red ‘rocks, and these have been generally included in the 
‘Trias. In the smaller maps two divisions have been made, namely, 

1. New Red Marl and Dolomitic Conglomerate. 

2. New Red Sandstone and Conglomerate, as in Greenough’s 

‘Geological Map of England and Wales. Or 

1. New Red or Keuper Marl and Sandstone. 

2. New Red or Bunter Sandstone, as in Ramsay’s Geological Map 

of England and Wales. 

In the published Geological Survey Maps, two divisions are like- 
‘wise made, in South Devon, of New Red Marl and Sandstone ;° 
the latter including the pebble-beds of Budleigh Salterton and the 
breccias of Teignmouth. The Dolomitic Conglomerates of Mendip and 
those of West Somerset were, however, in places coloured distinctly. 

Such being the case, there must consequently be some confusion 
in regard to the classification of these Triassic rocks, and more par- 
ticularly when no recognized unconformity has been observed to 
justify the distinctive terms of Bunter and Keuper. 

Turning our attention to the coast-sections between Seaton and 
Exmouth,® we find a very clearly developed series. A little east of 
Seaton, we meet with the lower Rhetic marls, and thence trace their 


1 Op. cit. pp. 86, 87. 2 Idem. p. 64. 3 Hull, op. cit. p. 106. 

4 The name Permian has sometimes crept in through a misunderstanding of the 
Dolomitic (or Magnesian) Conglomerate. 

+ These Maps include Sheets 19, 20, 21, and 22. The Sandstone is not designated 
as Bunter, and the boundary between it and the New Red Marl is not engraved in 
Sheets 21 and 22. The whole area has been undergoing revision, and the new edition 
of Sheet 19 is now published. 

6 This coast-line has been described and diagrams of the sections drawn by De la 
Beche, Trans. Geol. Soc. 2nd series, vol. i. p. 40, plate vil. (Bridport to Sidmouth) ; 
Buckland, Idem. p. 95, Plate xiv. (Portland to Lyme Regis, and Branscombe to 
Sidmouth); Whitaker, Quart. Journ. Geol. Soc. vol. xxv. p. 152 (Dowlands 
Landslip to Babbacombe Bay). See also Pengelly, Trans. Plymouth Inst. for 
1862-65; Trans. Devon. Assoc. for 1863. My notes on the coast-section (which, 
however, add nothing to what has been written before) were made in company with 
my colleague, Mr, W. A. E. Ussher. He has done the greater part of the re-survey 
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passage downwards into the variegated marls which appear along 
the cliff, at the base of the Greensand and Chalk. West of Seaton, 
they form low cliffs of marl, which appear again at Branscombe, 
dipping gently to the east. Continuing towards Sidmouth, the beds 
become less calcareous and finally quite loamy, until lower down in 
the series sandstone crops out at Sidmouth, forming a gentle anti- 
clinal at the town, and being overlain again by loamy beds to the 
west. Here the sandstone contains seams of red and mottled clay. 
Continuing westwards the sandstone, containing seams of calcareous 
conglomerate, forms the low cliff at the mouth of the Otter. The 
sandstone continues through Budleigh Salterton; and in the high 
cliff to the west, beneath it, comes the famous pebble-bed, and this 
again overlies variegated marl, with hard nodules in the lower part, 
where the beds are less calcareous, although variegated and with 
marly structure: these beds are interspersed with bands of sand- 
stone, and towards Exmouth there is an alternation of marl and 
sandstone. In this direction the beds are much disturbed by small 
faults, which let down the marl at Exmouth: they are found to rest 
upon breccia. 

Crossing over the mouth of the Ex, we come to Langstone Point, 
and here we find rocks the relation of which to the marls and sand- 
stones of Exmouth is clear, and the dip, which continues on the 
whole uniform, would place them lower in the series: they form a 
continuation of the breccia, which just appears at Exmouth. 

The Cliffs between Langstone Point and Dawlish show sandstone 
and breccia interstratified, sometimes the one predominates, some- 
times the other. They are much faulted on a small scale." Between 
Dawlish and Teignmouth the dip: continues uniform, and the cliffs 
display a series of breccias with sandstone interstratified. Between 
Teignmouth and Babbacombe the beds undulate ; the lowest bed, 
which might be termed a conglomerate, is conspicuous from the 
fragments of limestone contained in it.? 

At Livermead and Roundham Head, the beds appear similar to 
those on, the Dawlish coast, and the sections show (1) breccia, (2) 
sandstone, and (3) breccia, with the conglomerate at base. 

There is thus a continuous series of rocks from the breccias and 
sandstones of Dawlish and Teignmouth up in to the Rhetic beds of 
Axmouth. The whole of these beds might be termed Keuper; but 
owing to their great thickness, there is some justification in thinking 
that the Muschelkalk might be represented, as well as the Bunter, 
and by sediments of a different lithological character.’ It seems 


of the red roeks between Taunton and Exeter, in which tract he has been enabled to 
trace out, with marked persistence, the different divisions seen in the coast-section, 
whilst I have been similarly successful in the smaller areas on which I have been 
engaged. The details of this work will probably be published on some future occasion. 

1 See section by Godwin-Austen, Trans. Geol. Soc. 2nd ser. vol. viii. pl. xlii. fig. 5. 

2 Here, it may be observed, we approach the Torquay limestone. 

3 See the writings of De la Beche, and Pengelly; also Whitaker, op. cit. p. 157; 
and H. B. W. Science Gossip, No. 115, July, 1874, p. 165. The thickness of the 
strata has been estimated at from 1850 feet to four miles or more! Probably the 
former estimate by De la Beche is nearest the truth. _ 
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best therefore to term the whole development the Triassic series, 
without making any subdivisions (which would have no real value) 
‘to correlate them with the divisions made on the Continent. 

The consideration of the red rocks in the south-west of England, 
with ‘their many evidences of false-bedding and irregular accumu- 
lation, has led me to be rather sceptical of the importance attached 
‘to the unconformities observed to the north ; but my knowledge of 
that district being confined to the inspection of some isolated 
‘sections in Cheshire and Nottinghamshire, I have naturally no 
opinion to offer concerning them. 

‘Whilst the organic remains of the Permian period approach nearer 
_ to those of the’Carboniferous rocks than to the Trias,' it seems im- 
portant to keep in mind their approximation in physical character to 
the newer rocks;:and when we take into consideration the evidences 
-of unconformity that have been recognized in the Permian rocks 
themselves, to consider whether they are not equally important with 
those found locally to exist between the Permian and Bunter beds, 
and those between the Bunter and Keuper. 

The absence of the Muschelkalk in the British area must not of 
itself be taken as any evidence whatever of an unconformity, con- 
-sidering the different conditions under which the beds were deposited 
in each area. 

Thus it will be seen that there is no very strong evidence for a 
great break in the Triassic series throughout the British area, but 
that locally in them, as in the Permian series, there were pauses in 
-deposition accompanied by some erosion of the beds. 

The results of further researches may be looked for with interest, 
and more particularly in regard to the Permian beds. 

Lyell has remarked ‘that nowhere have geologists found more 
difficulty in drawing a line of separation than between the Secondary 
and Primary series,’ and perhaps future researches may lead to the 
resumption of the term “ Poikilitic” as a general term to embrace 
the Permian and Trias, especially as it has been used by such men 
as De la Beche and John Phillips. 


II.—Norzs on tHe Puetstocens Deposits yvrevpinc MamMatian 
Rematrns In THE Vicrnity or InrorD, HssEx. 
By Henry Woopwarp, F.R.S., and Wittiam Davis, 
Of the British Museum. 

HE Valley of the Thames, with its numerous tributaries, like 

nearly all our English river-courses, contains more or less 

extensive deposits of Brick-earth and gravel, which were accumu- 

lated at a period long antecedent to that when the streams had cut 

their higher channels down to the depth at which they at present 
flow. 

1 The Permian flora is, upen the whole, very nearly allied to that of the Coal- 

measures, though the Permian species are mostly distinct, and there are some new 

genera. In the Trias are found some Paleozoic types, as Calamites——Nicholson, 


Manual of Paleontology, pp. 494, 533. 
* Student’s Elements, 1871, p. 366. 
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In some places, as pointed out by Mr. Prestwich,’ fragments of 
these ancient fluviatile deposits have been preserved as older river- 
valley terraces ; in other spots, as in the neighbourhood of Iford, 
they still form wide sheets, covering a considerable low-lying tract, 
which probably has been elevated and depressed more than once 
since its original deposition. 

The bottoms of the valleys are for the most part occupied by 
more modern prehistoric deposits seldom raised much above the 
level of the stream. (See Grou. Mac. 1869, Vol. VI. p. 385.) 

But even where their actual relative elevation is an uncertain 
guide, there is always a marked difference between the older and 
newer deposits as regards the materials of which they are composed. 

The prehistoric as well as the present alluvia are mostly composed 
of clays, more or less stiff, and the gravels of pebbles more or less 
evenly sorted, both having been formed under conditions of climate 
not very different from those at present existing. 

The Pleistocene Brick-earths, on the other hand, very seldom 
consist of stiff clays, and the gravels contain large and small pebbles 
and angular blocks confusedly mixed together, clearly idicating 
that the transporting power of the rivers at that period was greater 
in certain: seasons than at the present day, and that freshets were 
probably of more frequent occurrence. 

But perhaps the most striking difference which they present is 
offered by the remains of the fauna associated with each: for 
whereas the prehistoric and modern deposits of our river-valleys are 
characterized by stone-implements and other relics of human in- 
dustry, associated with remains of animals at present indigenous to 
our island, or which are known to owe their extermination to man’s 
agency, the Pleistocene Brick-earths and gravels of the Thames 
reveal no trace of man’s presence,” but present us with a fauna 
almost wholly dissimilar from that now living in Europe, and most 
if not all of the species of which are extinct. 

The brick-pits of the neighbourhood of Ilford have long been 
celebrated for the wonderful variety of extinct Mammalian remains 
which they yield. So long ago as May, 1824, Mr. Gibson, of Strat- 
ford, obtained from the brick-field on the London turnpike-road a 
large portion of the skeleton of an elephant, Mr. Clift and Prof. 
Buckland being present at the exhumation of the bones. Prof. 
Morris refers to Mr. Gibson’s Collection in an article on ‘“ Deposits 
in the Valley of the Thames containing Mammalian Remains ” (see 
Magazine of Nat. Hist., 1838, vol. ii. new series, p. 540). He 
mentions the “remains of the horse, elephant (a tusk 12ft. 6in. 
long), rhinoceros, deer, and two species of oxen; the bones are found 


1 Phil. Trans., vol. cliv. 

2 It is true that the Rev. O. Fisher communicated to the Grou. Mac. that he 
had found an undoubted implement in the gravel at the base of the Crayford Brick- 
earth; see Grou. Mac. Vol. 1X. p. 268; see also Mr. Boyd Dawkins, in Quart. 
Journ. Geol. Soc. Lond., vol. xxviii. p. 414. These may, however, and probably did 
belong to a later date, the deposits in which they occur having been subsequently, in 
part perhaps locally, disturbed and re-assorted, 
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in every stage of growth, rarely broken or rolled, and (land and fresh- 
water) shells occur in abundance.” Prof. Morris cites as from Ilford, 
Cyrena trigonula (fluminalis), Pisidiwm amnicum, Unio pictorum, 
Succinea oblonga, Helix hortensis, H. hispida, Limnea auricularia, 
L. peregra, Planorbis corneus, Paludina impura (op. cit. p. 544). We 
have not been able to discover where the specimens once forming 
Mr. Gibson’s collection are now preserved. 

The pit to which Sir Antonio Brady’s attention has been mainly 
directed, and from which nearly all his magnificent series of Mam- 
malian remains have been obtained (and which now form part of 
the National Collection in the British Museum), is known as the 
Uphall Brick-field, and is situated on the right-hand side of the lane 
leading to Barking. The ground forms a low terrace, bordering the 
small River Roding on the one side, and on the other it slopes 
gradually down to the Thames. The height of the surface of the 
ground at the pit is about 28 feet above the Thames H. W.M. 
(Prestwich, Gro. Mae. 1864, Vol. I. p. 245). 

Probably no independent geological investigator, since the early 
days of Buckland, Trimmer, Prestwich, and Morris, has paid such 
careful attention to the structure of the Thames Valley, and of its 
contained deposits, as Mr. Searles V. Wood, jun., F.G.S. Numerous 
papers on this subject have been communicated by him to the 
Quarterly Journal of the Geological Society, and to the GeoLoercan 
Macazine. Writing thereon in 1866 (Guon. Mac. Vol. III. 
p: 59), Mr. Wood observes: “The Brick-earth of Ilford, both that 
of Uphall and that of the London-road Field, is a deposit underlying 
the Thames gravel and unconformable to it.” He also speaks of it 
as anterior in date to the similar deposit of Grays, which likewise 
contained Cyrena fluminalis, and other purely freshwater shells. 

In a letter to one of the authors (dated March 1st, 1874), Mr. Wood 
writes :—“ When I wrote the paper in Vol. III. (1866), I was under 
the impression that though the Grays Brick-earth was clearly newer 
than the main sheet of the Thames gravel (it forming distinctly a 
terrace beneath it), the Cyrena Brick-earth of Ilford, and of Crayford 
and Erith was anterior to, and passed underneath it. Some year 
or two afterwards, however, I satisfied myself that this was an 
error as concerned Crayford and Erith, and I wrote a letter to the 
Grotoctcan Magazine (Oct. 10, 1868, Vol. V. p. 584), directly to 
acknowledge this. 

“The Ilford bed lying flush with the gravel sheet of that part of 
Essex does not present the means of determination by section, but 
I cannot doubt, however, that it is identical in age with the Cyrena 
beds of Grays, Erith, and Crayford. 

“Such being the case, so much of the section No. 3, given at p. 61 
of the Gronocican Magcazine, 1866, Vol. III., as shows this Brick- 
earth (# 4’) as underlying the gravel (x 4”), is incorrect. ... . 

“The subject, however, is obscure, and while the Brick-earth at 
Ilford, Grays, and Hrith lies low, and forms a lower terrace to the 
main sheet of the Thames gravel, it rises at Crayford to a greater 
elevation, nearly 80 or 90 feet in parts, and forms a high terrace 
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above the gravel of the Cray and Darent Valleys, but below the 
main gravel sheet which forms Dartford Heath (see bed 6 of Sect. 3). 

“This anomaly and seeming contradiction is due in my view 
to the reversal of the drainage during the progress of the formation 
of the Thames Valley, and the denudation of the Weald as discussed 
by me in my paper in the Quart. Journ. Geol. Soc. 1871 (vol. xxvii. 


In order to make the foregoing view more intelligible Mr. Wood 
has most obligingly prepared a fresh Section (Sect. No. 3), and adds: 

“Crayford is nearer to the region of Wealden elevation than the 
other localities of the Cyrena Brick-earth; and this Brick-earth has 
there been so elevated that the gravel of the Cray and Darent 
Valleys (¢ of Sect. 3) forms in places a very distinct deposit occupy- 
ing the valley bottoms, and lying at a level considerably below that 
of the Cyrena Brick-earth. This gravel ¢ is, in my view, a deposit 
formed since the drainage was reversed into its present direction ; 
the Cyrena Brick-earth, on the other hand, having been deposited 
while the drainage from: the Thames Valley flowed into the sea 
which covered the Weald. (See Section 3, p. 396.) 

“‘T should, however, point out, as one of the perplexing features 
of this obscure subject, that if we follow the gravel ¢ from the Cray 
and Darent Valleys to the edge of the Stone marshes, and crossing 
the Thames pursue it from its re-appearance above the West Thurrock 
Marshes to the edge of the Cyrena Brick-earth at Grays, it seems 
to inosculate with the gravel which (as shown in the section at 
page 62 of the Third Volume of the GronoaicaL Magazine) parti- 
ally underlies the Brick-earth at that place. I, however, believe 
that this inosculation is not real, but that the gravel, c, really lies 
up against the beds of gravel, sand, and Brick-earth which form 
the Cyrena deposit of that place, and which are shown in the 
present Section (No. 3) under the letter 6. All the gravel and 
Brick-earth beds occurring in the valleys of the Thames, and of 
its tributaries, are now pretty generally admitted by geologists to 
be posterior to the true Glacial period; and their relation to the 
extensive deposit of Glacial Clay which covers so much of the 
Midland and Hastern Counties (bed No. 6) is shown by Section 
No. 1” (reprinted from page 43 of the Fifth Volume of this 
Magazine). 

To return to the Ilford Brick-fields, the Cyrena Brick-earth here 
attains a thickness of nearly twenty feet. It may be seen in the 
field on the London-road resting in one part direct on the London- 
clay, while in another part it has a thin band of shingly gravel 
beneath it. In the Uphall Brick-field its position relatively to the 
newest gravel is best shown, the two deposits being unconformable 
(see Section 2, reproduced here by permission of Mr. 8. V. Wood, jun., 
from Vol. III). 

When we consider the limited area from which the collection has 
been made, it seems not a little remarkable that it should so well 
represent the vertebrate fauna characteristic of these deposits, in 
regard to the number of species; whilst it greatly exceeds in number 
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of specimens any hitherto made from this neighbourhood. The 
relative proportions of the remains of the several families are, also, 
such as are generally found in similar deposits in other localities. 

Of the Carnivores the remains are few—only eleven—and belong 
to the Lion, Fox? (one fragment), and the Bear. The first is re- 
presented by two examples; but, as we might expect, from the 
known active habits of the Felidz, their remains are comparatively 
rare in all aqueous deposits, being more generally found in caves 
and rock fissures. Of the Bear two species are recorded as having 
been found at Ilford, viz. Ursus arctos and U. ferox ; but as neither 
jaws nor teeth are in the collection, no satisfactory determination as 
to which of these species each bone should be respectively referred, 
could well be made, and has not been attempted. 

The remains of the Proboscide are numerous, and are referable 
to two species, Hlephas primigenius and H. antiquus. This group 
is not only numerous in specimens (about 300), but also in indi- 
viduals, of which there are the remains of 84, as indicated by jaws 
and teeth alone, exclusive of the tusks; of these there are 14 
examples, large and small. Even assuming that many of the limb 
and other bones might have belonged to one or the other of these 
individuals, we may still fairly estimate that there are portions of 
more than 100 Elephants in the collection; for there are few in- 
stances in which more than one bone could be assigned to the same 
animal. Of the greater portion ef the bones of the skeleton there 
are many fine examples, and they illustrate, together with the teeth 
and jaws, individuals of every age and size, from the smallest suck- 
ing calf to the animal of most mature age. 

The Pachyderms are represented by three genera, viz. Rhinoceros, 
Equus, and Hippopotamus ; and collectively they comprise 121 speci- 
mens. Of the Rhinoceros, remains ef three species are present, R. 
leptorhinus, R. megarhinus, and R. tichorhinus ; those of the first being 
the most numerous. Of this species there are 77 separate remains, 
consisting of skulls, jaws, detached teeth, vertebree, and limb-bones. 
The Megarhine Rhinoceros, of which there are seven examples, is 
comparatively rare at Ilford; whilst at Grays, a few miles off, it is 
the species mest frequently found. The Tichorhine Rhinoceros is also 
rare in this locality, being only represented in the collection by two 
fragments. Of the remains of the Horse there are 34 specimens, 
including a fine fragment of the skull. The Hippopotamus is only 
represented by a single fragment—the body of a lumbar vertebra. 

The Ruminant remains constitute fully one-half of the collection, 
numbering more than 500 specimens, consisting of teeth, skulls, : 
jaws, limb, and other bones, with antlers and horn-cores, belonging 
to the genera Cervus, Bison, and Bos. Of the first there are 7 speci- 
mens of the great Irish-deer, and 50 of the Red-deer, besides 138 
fragments of undetermined species; making an aggregate of 70 
objects. The Bison, judging from the paucity of its remains in the 
collection—only 34—was a rare animal, when compared with those 
of its congener, the large Bos, which exceed 300. 

This evidence of numbers is important as tending to prove that 
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Geological Map of the district around Ilford whence the great Collection of Pleistocene 
Mammalian remains was obtained by Sir Antonio Brady, F.G.S. 


(Copied by permission from the Geological Survey Map.) 
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the heavy Bovide were either subjected to greater casualties, by floods 
or other causes, than the hghter and more fleet Cervidee; or that 
they existed in greater numbers and roamed in very much larger 
herds. It also tends to prove that the Ruminants numerically sur- 
passed the whole of the other Herbivores, the Mammoth alone being 
comparable in this respect with the Oxen, but surpassing them in 
size and weight; and compared with which the bones of the Horse 
and Rhinoceros are but few. This evidence leads to the assumption 
also that the Rhinoceros was not a common animal in the Pleistocene 
country whence the bones of the numerous animals deposited at 
Ilford were derived. For assuming that the habits were similar 
to those of the existing Rhinoceros, we should expect to meet with 
its remains generally in places and under conditions better adapted 
for their preservation, and hence more frequently found than that 
of other co-existing types of Mammalia. 

It is a fact worth noting, that of this assemblage of vertebrate 
remains, it is seldom that two or more bones of the same animal are 
found in juxtaposition, showing that they did not find their resting- 
place where the animals died, but have been floated, probably for 
long distances from the upper tributaries of the ancient Thames, and 
subsequently deposited in these fluviatile beds. But wherever the 
country, and whatever the distance or means by which they have 
been conveyed here, they have been subjected to no rolling nor water- 
wearing action; for all the angles and ridges of the bones still retain 
their original natural sharpness. 


TI1.—On THe Remains or RHINOCEROS LEPTORHINUS, OWEN (RH HEMI- 
1@CHUS, FALCONER), IN THE COLLECTION OF Sir Antonto BraDy, 
F.G.S., rRom THE PLerstoceNE Deposits OF THE VALLEY OF THE 
Tuamus At Inrorp, HssEx. 

By Tue Eprror. 
) LACE: ave) 

N the late Dr. Falconer’s Palzeontological Memoirs! so ably edited 

by Dr. Charles Murchison, F.R.S., a masterly and critical ex- 
amination is given of the European Pliocene and Post-Pliocene 
species of the genus Rhinoceros, from which we venture to extract 
the subjoined introductory remarks.” 

“ After examining all the collections in England and Italy, and 
those of Lyons, Montpellier, etc., I have come to the conclusion that 
there were four distinct Pliocene and Post-Pliocene species of Rhi- 
noceros, three of which have long been confounded by Cuvier and 
other palaontologists under the name of Rhinoceros leptorhinus. 

“JT have carefully examined at Stuttgart the materials on which 
Kaup’s and Jager’s Rhinoceros Merckii is founded. It is not a dis- 
tinct species, but is identical with the Grays Thurrocks species, or 
Rhinoceros leptorhinus (mihi). The R. Lunellensis of Gervais 1s 
founded on a young jaw with milk-dentition, which is not to be de- 

1 gyo. London, 1868, vol. ii. p. 309. 

2 Compiled by Dr. Murchison from two letters addressed by Dr. Falconer in 1862 
to Mons, Lartet, of Paris, and Col. Wood, of Stouthall, Swansea, and from his note 
books. 
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pended on for determining distinctions. So, also, the R. elatus of 
Croizet, and the R. mesotropus of Aymard, found in Auvergne, are 
not distinct species. I have examined the chief collections in 
Auvergne. The specimens in M. Pichot’s collection and in the 
Museum of Le Puy are mainly R. Htruscus, while the R. mesotropus 
of Aymard comprises both R. leptorhinus and R. antiquitatis. 

The four species may be classified as follows :—- 

PLIOCENE. I. No bony nasal septum. 
1. Rhinoceros leptorhinus (Cuvier, pro parte). 
Syn. 2. megarhinus of Christol. 
II. Partial bony septum. 
2. Rhinoceros Etruscus, Falconer. 
Syn. R leptorhinus (Cuvier, pro parte). 
3. Rhinoceros hemitechus, Falconer. 
Syn. &. leptorhinus (Owen, pro parte). 
POST-PLIOCENE. III. Complete bony septum. 
4. Rhinoceros antiquitatis, Blumenbach. 
Syn. 2. tichorhinus, Fischer and Cuvier. 

“1, Rhinoceros leptorhinus.—This is the original and typical 
Rhinoceros leptorhinus of Cuvier, founded on Cortesi’s Monte Zago 
cranium. It is the species described by Christol as R. megarhinus, 
and is the only Pliocene or Post-Pliocene European species that had 
not a nasal septum. 

“«To this belongs the celebrated Cortesi cranium in the Museum 
at Milan, which I have carefully examined. With this species also I 
have identified the Rhinoceros remains found in the Sub-Apennine 
beds of Piacenza, in the Val d’Arno upper beds, at Montpellier and 
Lyons, and at Grays Thurrocks, in Essex. The Rhinoceros, how- 
ever, found in the Hlephant-bed of the Norfolk coast is different. 

«2, Rhinoceros Htruscus.—This species, like the following, had an 
incomplete bony nasal septum, but it had a comparatively slight and 
slender form. It is met with along with Hlephas (Lowodon) meri- 
dionalis and Mastodon Arvernensis, in the lower beds of the Val d’ Arno, 
and in the ‘Submarine Forest Bed,’ or superimposed blue clays of 
the Norfolk Coast, immediately underlying the Boulder-clay ; but as 
yet it has been found in none of the ossiferous caves of Britain. 
With this species, also, I have identified the remains of a Rhinoceros 
submitted to me by Professor Ansted, which were found a few miles 
from Malaga, in white marl overlying Pliocene blue clay abounding 
with shells. 

“3. Rhinoceros hemitechus.—This species has been described by 
Professor Owen as R. leptorhinus. It has the nasal septum incom- 
plete in the centre, and it differs from R. antiquitatis (R. tichorhinus) 
in other cranial characters, as well as in those of the teeth. I am 
satisfied on this point, after examining the entire dentition of both 
young and old animals. Rhinoceros hemitoechus accompanies Hlephas 
antiquus in most of the oldest British bone-caves, such as Cefn, 
Durdham Down, Minchin Hole, and other Gower Caverns. It is 
also found at Clacton in Essex, and in certain beds in Northampton- 
shire. It is also met with in Italy. 

‘“‘From some of these localities entire skulls and a great portion 
of the skeleton have been obtained. 
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“4, Rhinoceros antiquitatis (R. tichorhinus). This species had a 
complete bony nasal septum. It is found in the newer Pliocene 
deposits of Kent, Surrey, and Hssex, and associated with Hlephas 
primigenius in caverns of the same date. 

“ Hlephas antiquus with Rhinoceros hemitechus, and Hlephas primi- 
genius with Rhinoceros antiquitatis, though respectively characterizing 
the earlier and later portions of our period, were probably contem- 
porary animals; and they certainly were companions of the cave- 
bears, cave-lions, and cave-hyzenas, and of some at least of the existing 
mammalia. 

“There can be no reasonable objection to the name Rhinoceros 
antiquitatis. South of the Rhine, that is, in Geneva, France, and 
Italy, all modern paleontologists call the species R. tichorhinus ; but, 
north of the Rhine, in Germany, Holland, Scandinavia, and Russia, 
the most eminent authorities designate it Rhinoceros antiqutatis. 

“A name in science ought not to be a disputed point of mere 
geographical predilection. 

«Blumenbach named it first Rhinoceros antiquitatis. Fischer de 
Waldheim, a palzeontologist of no great authority, changed the name 
into Rhinoceros tichorhinus, and Cuvier adopted Fischer’s name with- 
out acknowledgment. Desmarest called it Rhinoceros Pallas. 
Blumenbach’s names of Elephas primigenius and Mastodon Ohioticus 
are now accepted by every one; and there is no reason why his 
Rhinoceros antiquitatis should be rejected for a more modern name. 

“Living neither north nor south of the Rhine, J have no geographi- 
cal predilections, and as an impartial foreigner I accept the earliest 
name, viz. Blumenbach’s; besides, the name Rhinoceros tichorhinus is 
faulty, inasmuch as three species had a nasal septum.” 

We make no apology for the length of the foregoing quotation, as 
it contains most valuable information as to the division and distribu- 
tion of the fossil species of Rhinoceros in Europe, and has never 
appeared in any other of Falconer’s works, save in his Memoirs, for 
which we are so greatly indebted to Dr. Murchison. 

No better introduction could possibly have been found for the 
purpose of calling attention to the remarkably fine skull and lower 
jaw! of Rhinoceros leptorhinus, Owen (Rhinoceros hemitechus, Falconer), 
obtained from the Uphall Brickpit in the vicinity of Ilford,* and 
probably the most perfect of this species which has hitherto been 
found in England (see Plate XV.). 

It forms a part of the magnificent collection of Pleistocene 
Mammalian remains from this particular locality in the ancient 
Valley of the Thames, collected witb so much care by Sir Antonio 
Brady, F.G.S., and for the preservation of which he and the public * 
are so largely indebted to the indomitable perseverance, energy, 


1 Found disassociated, but clearly referable to the same species, though possibly not 
to the same individual. 4 

2 See the accompanying sketch of the geology of the neighbourhood of Ilford, ante 
p. 390. 

3 This fine collection of Tertiary Mammalian Remains has since become the property 
of the Nation. 
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and scientific skill of Mr. William Davies, of the Geological Depart- 
ment of the British Museum, who rescued with his own hands 
this and many other equally unique and priceless remains from in- 
evitable destruction, owing to the exceedingly friable nature of the 
fossils imbedded in this deposit of permeable and moist Brick-earth. 

This species was heretofore only known in this country from 
exceedingly fragmentary remains, as, for example, the upper part of 
a skull and parts of lower jaws from Clacton and Walton, in Essex, 
(figured in Owen’s British Fossil Mammals, pp. 356-3881, figs. 181- 
141), and the basal portions of two crania and eleven rami of the 
lower jaw from the Gower Caves and Northampton (figured in 
Falconer’s Paleontological Memoirs, vol. ii., plates 19-21 and 25-25. 

Concerning the specimen from Ilford (Plate XV.), Mr. William 
Davies writes as follows :'— 

“The skull is nearly entire, and evidently that of an aged animal; 
for the molars, of which there are six on each side, are all very much 
worn. The skull has not been crushed, and therefore shows well 
the normal form and proportions. The occiput is partly restored. 
The condyles and foramen magnum are entire, the basi-occipital is 
wanting. The parietal, frontals, and nasal bones are perfect. The 
last have a very rugose surface for the attachment of the nasal horn. 
The inter-orbital space is also slightly rugose, and probably supported 
a short frontal horn or boss. The zygomatic arches and styloid pro- 
cesses are perfect; the orbital rims are imperfect. The maxillaries 
are greatly mutilated, and the incisive bones are also imperfect, 
wanting the anterior ends by which they were united to the lower 
border of the nasal septum. The palate is nearly entire. Appended 
to the nasals is the anterior portion of the bony septum of the nares, 
perfect in front, but broken behind. 

«The dimensions of skull are as follows :—Length of molar series 
10:7 inch. Length of true molars 6:3 in. Length of pre-molars 
4-4, Extreme length of skull from occipital crest to tip of nasals, 
measured along the curve, 33 in. Length from occipital crest to end 
of nasals in a straight line 31 in. Greatest constriction of skull 
between the zygomatic arches 5-1 in. Width of inter-orbital space 
11 in. Width of nasals about the middle of the anterior rugosity 
55 in. Extreme length of nasal opening, right side, 10:6 in. Width 
of zygomatic arches posterior to last molar 13 in. Width of zygo- 
matic arches across glenoids 14 in. Width of occipital crest 4:6 in. 
Height of occipital crest from lower border of the foramen magnum 
76 in. Width of condyles, including foramen magnum, 6:3 in.” 

Concerning the cloison, or bony septum dividing the nostrils, upon 
which Dr. Falconer in his classification (already quoted) lays so 
much stress, Mr. Davies contributes the following most important 
information :— 

“Jn clearing the skull from its matrix of sandy gravel, I found 
the anterior border of the septum joined and apparently consolidated 


1 Catalogue of Pleistocene Vertebrata in the Collection of Sir Antonio Brady, 
F.G.S., by William Davies, of the British Museum (p. 29). Printed for private 
circulation. 
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402 Note on Rhinoceros leptorhinus, Owen. 


to the end of the nasals; but the greater part of that portion of the 
septum which is preserved, I found detached from these bones, but 
not broken; and this detached portion showed upon its superior 
margin a hollow smooth surface, which perfectly fitted a rounded 
longitudinal smooth ridge upon the inferior surface of the nasals, to 
which it was originally joined by an unanchylosed sutural attach- 
ment. Moreover, I traced the septum beyond the middle of the 
inter-orbital platform to which it was also attached, and served as a 
support. At this point, the bony septum was thick, but of a very 
coarse cancellated structure, and so exceedingly friable as to render 
it impossible to detach and preserve any fragment of this part of 
the bone. The septum became gradually thinner toward the front 
of the nasals, the structure becoming less coarse, to about the middle 
of the nasal apertures, where the bone is thinnest, but its substance 
more compact. It again thickens a little forwards and downwards, 
where it forms a broad inferior border to join the intermaxillary bones. 

“During the process of restoring the skull, which was in a some- 
what dilapidated condition, it was unfortunately necessary, in order 
to form a support for the palate and teeth, to cover the posterior 
portion of the septal sutural ridge with plaster, and thus destroy the 
evidence of its existence; but subsequently another skull of the 
same species was secured for the collection, in which this upper 
ridge is preserved and distinctly shown. There was also a central 
longitudinal ridge, but with a broken edge, upon the inner floor of 
the palate, to which bones I believe the septum was also attached ; 
but owing to the broken condition of the palatal bones, and the dis- 
placement of the fragments, the fact of their being conjoined was 
not sufficiently noted by me at the time, so as to enable me to speak 
upon this point with absolute certainty.” 

The second cranium is not so perfect as that figured in our 
Plate XV. ‘Inasmuch as the molars, the premaxille, and the 
whole of the palatal portion of the skull are wanting. This fine 
fragment comprises the entire upper portion of the cranium. The 
occiput and condyles, the right zygomatic arch with the articulating 
surface, and the right orbit, with its anterior tuberosity, are also 
quite perfect. The two auditory foramina are present and entire. 
The styloid processes are broken, and the basi-occipital and sphenoid 
are mutilated, as are also the maxillaries, left zygoma, and orbit. 
The fragment, moreover, shows the anterior and posterior portions 
of the bony septum of the nares. The anterior portion is broken 
posteriorly, and is attached to a medial ridge, which ridge does not 
terminate at a short distance from the anterior border of the nasals, 
as in the typical Clacton specimen, figured by Prof. Owen in his 
‘British Fossil Mammals,’ and which is now preserved in the 
British Museum, but is continuous along the under surface of these 
bones and of the inter-orbital platform, and unites with the posterior 
fragment of the septum, which is preserved and conjoined with the 
sphenoid.” 

Mr. Davies remarks :—‘“The presence of these front and hind 
portions of the septal partition, with their broken inner margins, 
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the coarsely cancellated bone found in the preceding specimen, and 
the continuous ridge, lead to the inference that” (contrary to the 
opinion of Dr. Falconer as already quoted) ‘the nares of this species 
were separated by an osseous division, the coarse structure of the 
greater part of which contributed to its speedy decomposition ; the 
anterior portions, being of more compact texture, are found generally 
well preserved. Moreover, the inner edges of the portion of the 
septum which remain in this and the preceding specimen are jagged 
and broken, showing no trace of a true natural margin. 

“The surfaces of the inter-orbital platform and of the posterior 
portions of the nasals are so slightly rugose in this specimen, that 
they may be described as nearly smooth, and as affording but small 
support for the basal attachment of either a nasal or a frontal horn ; 
and as the cranial sutures are all consolidated, this comparative 
smoothness is not due to immaturity. The skull is of somewhat 
smaller dimensions than the preceding, and may probably be that of 
a female.” 

Concerning the jaw of Rhinoceros. leptorhinus (figured with the 
skull on Pl. XV.), Mr. Davies observes:—‘“This is an exceedingly 
fine and nearly entire lower jaw, consisting of both rami, and con- 
taining the entire series of permanent teeth in siti, with the ex- 
ception of the second premolar of the left side, of which the alveolus 
only is preserved. The anterior end of the symphysis is mutilated ; 
otherwise each ramus, with its condyle and coronoid, is perfect. 
They are firmly connected at the symphysial suture, which is 
thoroughly consolidated. That the jaw pertained to an aged adult, is 
shown by the condition of the teeth, for they have all, even the last 
molars, been well worn. There are two mentary foramina in each 
jaw.” 

The dimensions are given as follows :—‘‘Length of jaw 19 in. 
Height of ascending ramus to condyle 11 in. Height of ascending 
ramus to coronoid 12-5 in. Transverse length of condyles 4°d in. 
Length of molar series 9:5 in.” 

We have to thank Mr. Davies most heartily for clearing up this 
obscure and difficult point, involving as it does the fundamental cha- 
racter upon which Falconevr’s species of Rhinoceros hemitechus rests. 

In the future Falconer’s name (R. hemitechus) must give way before 
Prof. Owen’s R. leptorhinus,' not only as the older name, but also 
because Falconer’s specific appellation ‘is faulty” (to quote Dr. 
Falconer’s own words as to the abolition of R:. tichorhinus, see anté, 
p. 400), “‘inasmuch as this species had a completely ossified nasal 
septum.” From the observations of Mr. Davies it seems probable 
that the greater or less development of the bony nasal septum (upon 
which Dr. Falconer laid so much stress) cannot be relied upon as a 
basis of specific distinction between R. Htruscus; R. leptorhinus, . 
Owen (R. hemitechus, Fale.); and R. antiquitatis, Blum. (vel KR. 
tichorhinus, Cuy.), although it may assist us, when preserved in fossil 
crania, to decide whether it was a horned, or hornless, Rhinoceros. 

1 See Owen’s History of British Fossil Mammals and Birds, London, 1846. 
8v0., p. 356. 
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TV.—On toe West Inpian Tertiary Fosstts. 
By R. J. Lecumere Guppy, F.L.S., F.G.S., ete. 
(PLATES XVI, XVII. ann XVIII.) 


§ 1. Inrropucrory Remarks. 


N the Gzorocican Macazine (VoL IV. p. 496) I have given some 
notes on West Indian Geology, with descriptions of a few new 
species of fossils. The notes were intended, in part, as supple- 
mentary to the papers published in the Journal of the Geological 
Society, and in the Gronrocican Magazine, on the Geology and 
Paleontology of the West Indies, and in part to exhibit an im- 
proved classification of the Caribean upper and middle Tertiaries. 

Mr. Vendryes, an ardent naturalist and zealous collector of shells 
and fossils in Jamaica, has kindly forwarded to me a fine set of the 
Miocene fossils of that island. These have been in my possession 
for some time: but although several novelties are contained in the 
collection, want of time and opportunity has hitherto prevented my 
working them out. The high interest attaching to these fossils has, 
however, induced me to draw up descriptions of the new species, 
and to indicate those which, although previously described from other 
localities, are now for the first time added to the Jamaican list. 

I propose now to give a list of all the organic remains hitherto 
found in the West Indies (as far as deseribed) belonging to the sub- 
kingdoms Mollusca, Artieulata, Echinodermata, and Protozoa. I do 
not enumerate the post-Pliocene fossils, as, for the most part, they 
are of existing species only. ‘ihe Corals have been amply treated of 
by Prof. Duncan, F.R.S., in late volumes of the Journal of the 
Geological Society.2 The columns of the table appended hereto are 
arranged in the order of the presumed antiquity of the deposits 
occurring in the localities named at their heads. I should remark 
that the observations of Mr. P. T. Cleve and others, as well as my 
own, lead me to substitute the term “Eocene” for the term “ Lower 
Miocene,” hitherto employed’ for the Manzanilla and San Fernando 
beds in Trinidad, and for certain deposits of similar age discovered 
by Mr. Cleve in St. Barts. 

There are yet a considerable number of undescribed fossils known 
from Haiti, of which there are examples in the Museum of the Geo- 
logical Society. There is little doubt that very many of the blanks . 
in the table now given will be filled up after further search. It is 
probable that most of the Miocene mollusca will, sooner or later, be 
found in nearly all the localities where formations of that age exist 
in the Caribean area; though various local circumstances, such as 
depth and clearness of water, conditions favourable, or the reverse, 
for preservation of organic remains, or those of particular kinds, 
must be allowed to have due consideration. The fossil fauna of the 
Hocene deposits which stands out as a group quite distinct from, 


1 These three plates will appear with the concluding portion of the paper next 
month.— Edit. Gzron. Maa. 

* See Quart. Journ. Geol. Soc., vol. xix. p. 406 and p. 518; xx. p. 20 and p, 368 ; 
xxi. p. 1; and xxiv. p. 9. 
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though containing some species in common with, that of the Miocene 
deposits, will be found hereafter to have a very much larger number 
of species than we have hitherto noticed. In the San Fernando beds, 
whose age we now state as Hocene, are many mollusca whose con- 
dition is such that, although we may venture to assign to them their 
generic position, it would be unwise to describe new species from 
such imperfect material. As regards the Foraminifera, I believe that 
the differences between the faunas of the several deposits depend 
more upon bathymetrical conditions than upon anything else. 

The determination of the geological age of the Jamaica beds and 
of the remarkable relations of the fossil fauna of the West Indian 
Miocene to that of Europe and the living fauna of the eastern seas, 
is strikmgly supported by the new fossils now described. We have 
a Murez, an Ovulum, a Cassis, and a Fasciolaria, whose nearest 
congeners are European Miocene and Asiatic recent; a Scalaria, 
previously described indeed, but from inadequate material, whose 
relations are similar, and a Naticina, a genus almost extinct in the 
West Indies, but whose present distribution is along the path pointed 
out as that of the migration of organized beings during the Tertiary 
period from America to the Pacific Ocean through North Africa and 
South Europe. 

Among the Jamaica shells there are few, e.g. Turbo castaneus, 
Strombus pugiloides, and Plicatula veaillata, which, like the Conus 
fuscocingulatus of the European Miocene, retain traces of the colour- 
ing which ornamented them while living. It is only where the 
strata are of such composition as to be extremely favourable to the . 
preservation of molluscan remains, that such a circumstance could 
occur. In Jamaica and Haiti the Miocene formations have been 
remarkably suited to this end, and hence we have from them a 
series of organic remains scarcely surpassed in beauty even by 
those of Bordeaux, Dax, or Paris. In Trinidad the shells of similar 
age are for the most part extremely altered, and their characters 
more or less obliterated. It is therefore fortunate that we have 
those of Haiti and Jamaica upow which to found and rectify our 
determinations of the Trinidad rocks and fossils of like age. 


§ II.—Drseription or THE Fosstus. 


Hyalea (Diacriw) Vendryesiana, Pl. XVII. Figs. 2a, 26. 

Shell elongate, smooth; both valves somewhat inflated, but the su- 
perior one more so than the other: terminated on each side by two 
sharp mucrones, and posteriorly by a narrow curved mucro not so long 
as the body or main portion of the shell. Lips everted, the inferior 
one bordered exteriorly by a raised ridge, which towards the lateral 
mucrones gradually becomes confluent with the edges of the lips. 
Length 5 mm., of which the terminal mucro forms about 2. Breadth 
nearly 38mm. 

Related to H. inflexa and labiata of D’Orbigny.—It differs chiefly 
in being more inflated, especially the inferior valve, and in being 
narrower behind the lateral mucrones—a character, it would seem, of 
some importance in this genus. 
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The length of the terminal portion of the shell seems to be relied 
upon as the distinction between Diacria and the more typical members 
of the genus Hyalea. The present species belongs to Diacria on 
account of this character. 


Scalaria Leroyi, Guppy, Pl. XVI. Fig. 10, and Pl. XVIII. Fig. 2. 
Proceedings of the Scientific Association of Trinidad, 1867, p. 168. 


Turreted, cylindric, many-whorled, cancellated by numerous trans- 
verse and spiral costelle, except on the base, which is spirally striate 
only. Aperture suboval. Pillar-lip somewhat everted, forming a 
callus on the columella. Outer lip simple, sharp, a little dilated 
anteriorly. Whorls regularly rounded, suture deeply sunk. 

My original description of this shell was drawn up from an exami- 
nation of the specimens found in Trinidad, which are so much altered 
by fossilization that the character of the surface is not determinable. 
The examples from Jamaica are in good preservation, though they 
are not so large as those found in Trinidad, one of which is more 
than six inches long. Some of the specimens from Jamaica exhibit 
a variation in the character of the surface, which might induce a 
belief that there are two species. I do not, however, take that view. 
One beautiful example has the transverse costelle larger and more 
distant than the spiral ones, the latter being threadlike and rising 
upon the former. In this example the spiral striation of the base is 
also more marked. Se. Leroyi may be compared with Sc. magnifica, 
Sow.; but there are points of resemblance between it and Se. 
decussata, raricosta, and lineata. None of the recent West Indian 
species bear any resemblance to the fossil except in that general 
shape which is common to nearly all the members of the genus. On 
the whole, however, the nearest ally of the Jamaican fossil may 
perhaps be found in Sc. tenuisiriata, Orb. {Bahia Blanca). 

Ringicula tridentata, n. sp. 

Ovate-conie, moderately thick, smooth, shining. Spire conic. 
Whorls about 4. Aperture suboval: columella thickened and bear- 
ing two strong spiral plaits, the callus continued backward, and 
carrying a stout tooth on the body-whorl; the latter separated by a 
deep notch or canal from the thickened and somewhat everted outer 
lip. Length nearly 2 mm., breadth about 1. 

Distinguished from R. semistriata, Orb. (Cuba Shells, vol. ii. p. 
1038, pl. xxi. f. 17-18), by a wider mouth and less thickened outer 
lip. £&. tridentata does not exhibit any trace of the striation which 
marks the anterior portion of R. semistriata, which was described by 
D’Orbigny as a recent shell from Jamaiea. 

Naticina regia, n. sp. Pl. XVII. Fig. 6. 

Oval oblong, spirally striated by fine equidistant grooves, which 
are crossed by a few rather irregular lines of growth. Whorls 
about 5, the last very large. Spire short, acuminate. Aperture 
semioval, rather narrowed above. Umbilicus round, very partially 
hidden by the everted columella callus. Outer lip sharp, indis- 
tinctly dentate. Length 15 mm., breadth nearly 10. 
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Closely akin to N. Lamarckiana, from which it is distinguished 
by its narrrower mouth. It is almost as near to N. papilla (Africa), 
but it is less elongate in its proportions. 


Bulla Vendryesiana, n. sp. Pl. XVI. Fig. 6. 

Rimate, rather cylindrical-ovate, solid, smoth. Spire deeply sunk. 
Aperture longer than the shell, dilated anteriorly. Inner lip covered 
with a callus which is everted over the narrow umbilicus, and 
extends backward to the canal separating the body-whorl from the 
sharp outer lip. Length about 15, breadth about 9 mm. 

Allied to B. striata, Brug., particularly to that form called B. 
maculosa, Mart. The surface of the fossil is not well preserved, and 
does not admit of an exact description of its characters. B. Vendryes- 
tana is rather more cylindrical in shape than B. striata, and from 
4. maculosa, to which it is nearer in figure, it is distinguished by its 
greater solidity and its thicker and more everted columella callus. 


Tornatina coialacryma, Guppy. 
Grotocicat Magazine, 1867, Vol. IV. p. 500. 
Tornatella textilis, n. sp. Pl. XVII. Fig. 4. 

Oval-oblong, solid, a little ventricose, closely cancellated by 
numerous spiral riblets and finer longitudinal threads most distinct 
in the spiral grooves. Spire short, conic. Whorls about 7. Aperture 
elongate, narrow, dilated anteriorly into a canal. Columella twisted, 
bearing a single stout fold. Outer lip sharp, finely dentated by the 
spiral riblets. Length 17, breadth 9 mm. 

In shape this shell approaches T. fasciata. It is of more solid 
structure, its spire is somewhat shorter, and it is at once distinguished 
by its cancellated surface. 


Cylichna ovum-lacerti, Pl. XVIII. Fig. 22. 


Shell small, cylindrical-subovate, minutely striate transversely ; 
spire small, sunken; aperture as long as the shell, dilated anteriorly ; 
outer lip straight, blunt; columella callus with a strong tortuous fold. 

Lower Miocene, Trinidad. 


Turbonilla turris, Orb., Pl. XVIII. Fig. 15. 


eerie turris, Orb., Moll. de Cuba, pl. xvi. f. 10-24. 
Other forms of this species are distinguished specifically by 
D’Orbigny as C. pulchella, C. ornata, and C. modesta. 
These and other varieties are common in the Matura Beds, 
Trinidad. 
Aclis helecteroides, Pl. XVIII. Fig. 11. 


Shell turreted, cylindric, many-whorled, shining, whorls slowly 
increasing, impressed with a deep groove below the suture, which is 
equally deep, forming a spiral thread ; aperture sub-circular, colu- 
mella slightly reflexed, peristome simple. 

Pliocene, Trinidad. It resembles a Proto, but the columella pre- 
vents its reference to that genus. I refer it to the genus Aelis 
provisionally only, as I think it will be found to be the type of an 
undescribed genus. 
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Leiostraca clavata, Pl. XVIII. Fig. 16. 


Shell rather club-shaped, whorls smooth, flattened, the last form- 
ing more than 4; spire acuminate, suture linear, scarcely impressed ; 
aperture suboval, elongate, narrow above, dilated in front; peristome 
simple, columella somewhat reflected and thickened. 

Pliocene, Trinidad. Allied to LD. acuta 


Turritella planigyrata, Pl. XVIII. Fig. 5. 
Conic-cylindric, striate by fine spiral lines. whorls very slightly 
convex, the later ones nearly flat; aperture sub-quadrate. 
Miocene, Trinidad. A very distinct species, remarkable for its 
almost entire want of ornamentation, and the flatness of its whorls. 


Vermetus trilineatus, Pl. XVIII. Fig. 12. 
Conic-cylindric, turreted, spire pointed, whorls flat, bearing three 
narrow spiral keels; lower whorls irregular; suture distinct, linear 
shallow. 
Pliocene, Trinidad. The young shell is not to be distinguished 
from a small Turritella, but the subsequent growth supplies the 
Vermetiform character. 


Triforis guttata, Pl. XVIII. Fig. 27. 


Reversed, cylindrical; whorls about eight, zoned with three spiral 
lines of small obtuse points which are connected spirally and longi- 
tudinally by threads; suture impressed; base with three or four 
strong striations; aperture produced into a canal; peristome pro- 
duced, inner margin with a narrow defined callus. 

Pliocene, Trinidad. Allied to T. ventricosus, Gmel. 


Solarium semidecussatum, Pl. XVIII. Fig. 14. 

Small, orbicular depressed, strongly decussate on the upper surface, 
nearly smooth on the lower surface; umbilicus deep, its margins 
crenate and spirally striate. 

Pliocene, Trinidad. It is with some doubt that I refer this species 
to the genus Solarium. 


Cancellaria scalatella, n. sp., JEG DWI ties 4% 


Turreted, umbilicate, spirally striate by numerous close spiral 
threads more elevated on the stout rounded longitudinal variciform 
ridges, of which there are six or seven on a whorl. Suture very 
deeply sunk. Whorls about seven, slightly rounded, angulate and 
crowned above by the ridges. Aperture almost triangular, rounded 
above, angular and formed into an obsolete canal anteriorly. Outer 
lip sharp, grooved within. Inner lip continuous, thin, sharp, slightly 
reflected and bearing two folds. Base angulate, perforated by a 
sniall round umbilicus. 

Related to C. varicosa, Brocchi (Miocene, Piedmont) ; but smaller, 
and of somewhat stouter figure. he spiral striz are coarser, and 
the peristome is finely grooved instead of being coarsely dentate 
only. In C. varicosa the spiral strizs are crossed by very fine 
longitudinal ones, which do not exist in C. scalatella. 'The most 
striking difference, however, is that the whorls are rounder, and the 
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suture much more deeply sunk in C. scalatella, whilst the longi- 
tudinal ridges project upon the angle of the whorls so as to give 
a coronate appearance. 

The three Cancellarie hitherto described from the Jamaican 
Miocene are all akin to European fossils of the same date; but two 
of them belong to the type of the recent C. reticulata. The present 
is of more decidedly Miocene aspect than either of the three pre- 
viously described. 


Ovulum immunitum, n. sp., Pl. XVI. Fig. 7. 


Fusiform-elongate, pointed at both extremities. Outer lip thick- 
ened, extending in a nearly regular slight curve from the posterior 
to the anterior canal; slightly dilated anteriorly. Inner lip with 
two strong folds at the anterior end. Aperture as long as the shell; 
narrow posteriorly, growing wider gradually until near the middle 
of the whorl, then increasing in width by the expansion of the outer 
lip and the recession of the whorl to form the slightly twisted pillar- 
lip. Length about 20, breadth about seven mm. 

Mied to Ov. Leathesi, Wood, of the English Crag. It is nearly 
of the same size, but is more slender in its proportions, and in some 
particulars is more close to Ov. spelta, including under that term 
both the fossil and recent species so called. 


Conus recognitus, Guppy. 


C. solidus, Sowerby, Journ. Geol. Soc., vol. vi. p. 45. 

C. recognitus, Guppy, Proc. Scient. Assoc. 1867, p. 171. 

The name solidus having been used for another Cone, I proposed 
in 1867 the name of recognitus for this species. 


Conus consobrinus, Sow., Pl. XVII. Fig. 4. 


Sowerby, Journ. Geol. Soe., vol. vi. p. 45. 

I have referred this shell to Sowerby’s species; but if my determi- 
nation be correct, Sowerby’s description is in need of amendment. - 
The zones, or rather spiral ribs, can scarcely be called granose, 
although they exhibit a tendency to become so towards the comple- 
tion of the last whorl, which is usually devoid of the tubercular 
crowning of the previous whorls. 

This species was hitherto only known from Haiti, but it is now 
added to the Jamaican list. 


Conus prototypus, Pl. XVIII. Fig. 1, and Pl. XVII. Fig. 9. 

Somewhat pyriform, finely striate anteriorly, becoming quite 
smooth on the angle of the whorls, which bear a rather indistinct 
keel; spire mucronate, rather elevated ; aperture somewhat widened 
towards the anterior canal. 

Miocene, Trinidad. A cone which departs very considerably from 
the usual type in its swelling outlines and the consequent direction 
and shape of the aperture. It is more of the shape of C. bulbus than 
of any other species I know. It is, however, probably a young 
specimen. 
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Mangelia micropleura, Pl. XVIII. Fig. 6. 


Subfusiform, longitudinally ribbed, the ribs crossed by numerous 
strise, of which a prominent one forms an angle on the upper part of 
the whorls; last whorl longer than the spire; aperture rather narrow, 
lanceolate, with a sinus on the posterior part of the thickened peris- 
tome. 

Pliocene, Trinidad. Allied to M. pulchella, 'The ribs vary con- 
siderably as to size and distance apart. 


Purpura miocenica, n. sp., Pl. XVI. f. 9. 


Subpyriform, rather ventricose above, rimate, narrowed and pro- 
duced anteriorly, adorned with longitudinal ribs (about 10 to the 
whorl), which are crossed by coarse rugose high narrow spiral ridges 
or threads. Whorls about six, apex acuminate. Pillar-lip smooth, 
reflected over the shallow umbilical fissure. Canal produced. Outer 
lip sharply dentate by the spiral ridges. Length about 22, breadth 
about 15 mm. 

The outer layer of the shell is usually removed, and where this is 
the case, each spiral rib appears to be double; but when the outer 
surface is preserved, the somewhat foliated or echinated rugosities of 
these ribs are very obvious. 

This is a Coralliophila, and is related to the P. galea (Chemn.) of 
D’Orbigny, of which the name ought probably to be P. plicata, the 
appellation galea being the rightful property of a closely allied Kast 
Indian shell. Another form with which the Jamaican fossil may be 
compared is P. squamulosa, Reeve. 


Fasciolaria textilis, n. sp., Pl. XVI. Fig. 5. 


Elongate, fusiform, closely cancellated by numerous spiral ridges 
from one to two mm. distant, between which are (especially anteriorly) 
one, two, or three finer theadlike ribs; and by numerous closer and 
smaller longitudinal lines. Whorls six, the first two of which are 
smooth, the apex deciduous and usually wanting, the last more than 
two-thirds of the shell, rather ventricose above the middle, produced 
and rather attenuated anteriorly; bearing on the upper half 5-7 
elongate rounded tubercular prominences. Columella margin with 
three strong tooth-like plaits. Interior of peristome smooth. Length 
nearly 70 mm., breadth 30. 

The cancellation gives to the surface an appearance like that of 
coarse cloth or bagging. This species should be compared with the 
F. intermedia of Sowerby, from the Haitian Miocene. It bears a re- 
semblance to F. filamentosa, but is shorter, stouter, and less angular 
in all its features except only the tubercles, which are disposed in 
similar fashion, but are perhaps somewhat larger and more elongate. 
It is very different from I’. Zarbelliana, Grat., which occurs at Cumana 
in Venezuela, as well as in Chili and Europe. Ff. textilis exhibits 
the close alliance of the genus to Turbinellus. 


Phos erectus, n. sp., Pl. XVI. Fig. 1. 
Solid, turreted, conic-cylindric, finely striated longitudinally, and 
adorned with stout longitudinal variciform ridges, which are highest 
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on the angle of the whorls, become obsolete at the shallow suture, 
and are twisted at the base: coarse spiral threads cross the longi- 
tudinal grooves and ridges, rising on the latter into low scarcely 
noticeable tubercles. Whorls about nine, increasing very gradually, 
slightly angulated, the last forming more than one-half the length 
of the shell. Aperture rather narrow. Columella twisted, bearing 
one spiral plait. Outer lip simple, having 12-15 entering grooves, 
and furnished with a small sinus near the anterior canal; joined 
posteriorly with the body-whorl by a callus. Length about 21, 
breadth about 10 mm. 
Columbella peculiaris, Pl. XVIII. Fig. 20. 


Cylindric-suboval, often a little distorted; whorls six, slowly in- 
creasing, the last forming about $; spire obtuse; suture somewhat 
irregular or dentate; aperture small, pointed above, peristome simple, 
columella simple, truncate. 

Pliocene, Trinidad. Perhaps allied to C. clausiliformis, Kien., but 
of shorter and more ventricose figure. 


Planaxis crassilabrum, n. sp., Pl. XVIII. Fig. 18. 
Conic-oblong, somewhat flattened, smooth; spire conic; outer lip » 
dentate, much thickened and somewhat everted; columella flattened, 
boldly truncate, spirally striate; anterior canal short, open; posterior 
canal narrow, separated frem the body-whorl by one or two stout 
teeth. 
Pliocene, Trinidad. 
(Lo be concluded in our next Number.) 
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La RECHERCHE GfoLoGIQuE DE LA SuEDE.— “Description de la 
formation Carbonifére de la Scanie.”” By Epvarp Erpmann. 
With a geological map and 4 plates of plans and sections. 1874. 


HIS Memoir is published in a bilingual form, the French trans- 
lation, which precedes the Swedish text, being somewhat 
abridged. This Coal-bearing formation in Scanie is said to be of 
Liassic age, the true “Carboniferous” being entirely absent. ‘The 
other rocks of the district are, crystalline rocks, gneiss, etc.; the 
Cambrian formation, to which are referred certain quartzites; Lower 
Silurian, which include alum-shales, Orthoceratite limestone, and 
argillaceous schists. The Upper Silurian is also represented by 
limestones and schists, the former rich in fossils, but the schists so 
like those of the Lower division that they are represented by one 
colour on the map. The next following beds are Red Sandstones 
and shales, probably of Triassic age, but no unconformability to the 
Upper Silurian has been detected as yet ; in fact some of these Red 
Sandstones were referred by Murchison and Angelin to the Upper 
Silurian; no fossils have been found in them. On these red beds 
follow directly the Coal-bearing (Jurassic) strata. But probably 
the Hor sandstone should be intercalated here, although not found 
in direct relation to any of the former stratified beds, for, from the 
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fossils which it contains (Cycads, Ferns, ete.), it is supposed of the 
age of the commencement of the Lias, and hence to come between 
the Coal-beds and the Red Sandstone: petrologically, much of the 
Hor Sandstone is indistinguishable from some of the grits of the 
Coal-bearing strata. Above these latter come the Cretaceous beds. 

The Coal-bearing beds contain clay-iron-ore and some very good 
refractory clays. The beds of Coal themselves vary from less than 
a foot to three or four feet. There are several beds in the section, 
but denudation seems to have removed some of them in different 
localities, so that few are worked in any one place. The thickness 
of the formation varies much; in one place they bored 600 feet 
without getting out of the Coal-beds. The shafts are mostly shallow, 
and the beds much interrupted by small faults. 

The most important locality in a Coal-producing point of view is 
Héganis; only two seams, however, are much worked there, viz. 
the two lowest in the formation; higher up the beds get poorer. 
The dip of the Coal-strata is mostly at a very low angle, or nearly 
horizontal. The quality of the Coal seems to differ much ; even in 
the same bed there may be two or three kinds separated by thin 
partings ; the better sorts are said to be quite as good as English 
Coal for most economic purposes. The method of working has been 
by pillar and stall, but of late the long wall system has been intro- 
duced. In 1871 the output from the four chief localities was 
1,992,590 cubic feet. 

The precise age of these Coal-beds is not quite settled. Prof. 
Hébert considers them of the age of the Lias. Among its fossils 
are, Amphidesma donaciforme, Phill.; Avicula imequivalvis, Sow. ; 
Pecopteris Beckii, Brongn.; and Cycads. Prof. Torell notices the 
affinity of the flora to that of the Yorkshire Jurassic beds, and 
mentions the occurrence of Solenites Hurravane, L. and H. 
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. Reports of the United States Geological Survey of the Territories 
for the Years 1867-69. Reprint, 1873. 

Report of the Geological Survey of Wyoming and Portions of 
Contiguous Territories. 1871. 

3. Final Report of the Geological Survey of Nebraska and Portions 
of the Adjacent Territories. 1872. 

Sixth Report of the Geological Survey of the Territories, embracing 
Portions of Montana, Idaho, Wyoming, and Utah. Washington, 
1873. 

5. Contributions to the Extinct Vertebrate Fauna of the Western 

Territories. By Joseph Leidy. Washington, 1873. 
ae above volumes form only a portion of the results of the Survey 
under the direction of Prof. F. V. Hayden, but they fully attest 
the energy and zealous co-operation which has beem brought to bear 
on the Survey by himself and his able colleagues, since its com- 
mencement in the present form in 1867. We have previously noticed 
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some of Dr. Hayden’s researches (Gnon. Mac. Vol. VIII. p. 32), 

and the above Reports, with the exception of No. 1, which is a reprint, 

are further valuable contributions to the geology of the north-west 

districts explored. Besides the special geology, they contain remarks 

on the physical features, notices of the various economical substances, 

descriptions of the fossils, together with catalogues of Mammals, 
Shells, Insects, and Plants, collected during the expeditions. 

The Sixth Report (No. 4) is full of interesting matter, and well 
worthy of the study of the European geologist, both as regards physical 
geology and paleontology. It includes descriptions of the Yellow- 
stone Valley, and adjacent country,—the canons, the thermal springs, 
the geyser basins, etc. The formations noticed are Gneiss, Silurian, 
Carboniferous, Jurassic, Cretaceous, and Tertiary. These strata are 
described by Mr. A. C. Peale as well seen in the Gallatin canon, 
situated between the two great rivers, the Yellowstone and the 
Madison, which is a continuous gorge cut by the river for more than 
seventy miles, with walls rising on either side from 1000 to 2000 ft., 
exposing a geological section which has hardly a parallel in the 
North-west. ; 

The student of ‘Earth Sculpture,’ conversant with the enor- 
mous amount of denudation which certain areas of Great Britain 
have undergone, will read with interest the following lines in Dr, 
Hayden’s Report, p. 43:—“'The evidence becomes stronger every 
year of exploration that the erosive forces have acted on a more 
stupendous scale than I had ever conceived or expressed in any of 
my former Reports; that the entire series of sedimentary strata, from 
the lowest Silurian to the highest Tertiary known in the west, has 
-extended in an unbroken mass all over the North-west; and we find 
here and there, by the exposure of the entire series, as at Cinnabar 
Mountain, and in many other localities, the most satisfactory proof 
of the statement which I have so often made. This single state- 
ment implies that from 10,000 to 15,000 feet in thickness of un- 
changed rocks have been removed from this mountain region, except 
what might be called remnants left behind, occupying restricted 
areas. The older the group, the larger the area over which it has 
escaped erosion. The hard and compact limestones of the Silurian 
and Carboniferous ages are found to a greater or less extent all over 
the North-west. They yield much less readily than the more modern 
beds, and are consequently found on the summits of the highest 
mountains, 10,000 and 12,000 feet above the sea.” 

Again, the geologist conversant with the evidence of contempo- 
raneous volcanic action in the Tertiary period of the British Islands, 
as seen in Northern Ireland, Scotland, and the Western Isles, so 
fully described by Prof. Geikie and Mr. Judd, will find a parallel in 
the proofs of similar volcanic activity, and apparently of the same 
age, intensity, and extent, in the Western territories of the States. 
Dr. Hayden remarks: “I am now inclined to believe that when our 
western country is more thoroughly explored by competent geologists, 
it will be found that the area covered with volcanic rocks is far 
greater than we have hitherto suspected. ike the more modern 
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Tertiary beds, the basalts and conglomerates. of volcanic origin have 
been subject to terrific erosion, and only a portion of their wonderful 
magnitude is left behind. So far as my own explorations have ex- 
tended, the main portion of the volcanic material of the West has 
been thrown out at a comparatively modern date. Among the Cre- 
taceous and Coal-bearing groups are irregular interstratified beds of 
basalt, but the great mass of trachyte, basalt, and volcanic conglome- 
rates, seems to have been erupted since the surface attained pretty 
nearly its present configuration. The conglomerates, although in 
some instances reaching a thickness of 8000 feet at least, do not 
seem to have been disturbed to any great extent since their de- 
position. The position of the trachytes, which have overflowed the 
mountain ranges, indicates that they could not have been very 
ancient, perhaps not older than later Miocene or early Pliocene, 
while the true basalts are extremely modern, approaching closely te. 
our present era.” (p. 44.) 

One of the principal objects of the Survey has been to collect 
evidence bearing on the relations of the Cretaceous and Tertiary 
strata to each other, for considerable difference of opinion has arisen 
as to the true age of the beds at the summit of the former and the 
base of the latter strata. The above strata, with the exception of 
some Carboniferous and Permian rocks, are extensively developed in 
Nebraska north and south of the Platte River, as shown in the 
Report (No. 8). The Cretaceous rocks are divided into the Dakota, 
Benton, and Niobrara groups in the lower series, and the Fort Pierre 
and the Foxhills group in the upper series. Above these is the 
Fort Union or Lignite group, which, with some other beds, Dr. 
Hayden has termed “transition beds,” as they indicate a passage 
from marine to lacustrine conditions. 

In Nebraska these lignite beds, with great numbers of dicotyle- 
donous leaves. are doubtfully placed as Hocene (p. 93), and are over- 
lain by the Wind river and White river group referred to the 
Miocene, and the Loup river beds, with freshwater and land types, 
to the Pliocene period. The problem of the relations of the Creta- 
ceous and Tertiary and Transition strata, has been approached (at 
Dr. Hayden’s request) by Profs. Leidy and Cope, through the 
extinct Vertebrate fauna, by Mr. Lesquereux through the Fossil flora, 
and by Mr. F. B. Meek through the study of the Invertebrata. These 
papers, printed in the above Reports (Nos. 2, 3, 4), although to some 
extent preliminary, are full of valuable and suggestive remarks, well 
worthy the study of the European paleontologist, and as showing, from 
each author’s stand-point of view, the age of the formations under 
discussion. The subject is further supplemented by the splendid 
memoir, ‘‘On the Extinct Vertebrata of our Western Territories,” by 
Prof. J. Leidy (No. 5 of the above list), containing descriptions of 
125 species of mammals, reptiles, and fishes, and forming the first 
part of vol. i. of the quarto series of reports which are intended to 
embody the more original and technical results of the Survey. 

The study of the fauna and flora of these different formations 
yields somewhat discrepant results, for, as remarked by Professor 
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Lesquereux, “it is especially from our flora of the Lower Cretaceous 
(the Dakota group) that we have a vegetable exposition peculiarly 
at variance with that of Hurope at the same epoch, and whose types 
so much resemble those of the European Tertiary that the evidence 
of the age of the formation, where the plants have been found, could 
not be admitted by paleontologists until after irrefutable proofs of 
it had been obtained.” (No. 2, p. 878.) The Dakota flora consists 
chiefly of dicotyledonous leaves of genera to which belong most of the 
living arborescent plants of the American continent and of its pre- 
sent climate, as Liquidambar, Salix, Betula, Liriodendron, Magnolia, 
Quercus, Sassafras, etc., and what is noticeable is the almost entire 
absence in this group of any kind of serrate leaves. Prof. Lesquereux 
also remarks, “There is also in the flora of the Hocene of the Rocky 
Mountains a marked preponderance of leaves with entire borders. 
The serrate leaves appear in the Miocene, with Acer, Alnus, Corylus, 
and become predominant in the Pliocene of California, where Ulnus, 
Planera, Celtis, Carya abound, though these genera are not more in 
the flora of the Pacific Slope.” ! 

The Benton, Niobrara, Pierre and Foxhills groups are undoubtedly 
Cretaceous, but the Fort Union or Lignite group, which is largely 
developed in the North-west, is somewhat debateable ground, for 
although usually regarded as Tertiary from its flora, Prof. Cope says 
of the beds in the Missouri valley: “The presence of the orders 
Sauropterygia and Dinosauria establishes conclusively the Cretaceous 
and Mesozoic character of that fauna.” ? 

M. Lesquereux and Dr. Newberry consider this series of beds as of 
Tertiary age, and some of them to be as high as the Miocene. Prof. 
Cope regards the evidence derived from the Molluscs in the lower 
beds, and the Vertebrates in the higher, as equally conclusive that 
the beds are of Cretaceous age. There is, then, no alternative but 
to accept the result, that a Tertiary flora was contemporaneous with 
a Cretaceous fauna, establishing an uninterrupted succession of life 
across what is generally regarded as one of the greatest breaks in 
geologic time.* As bearing on the subject. of the Lignitic formation 
considered as Hocene, Prof. Lesquereux remarks : ‘“‘'The presence of 
deep marine species in strata overlying remains of more recent ones 
indicates a local subsidence which should be considered as an ex- 
ceptional case, unimportant indeed in comparison to the persistence 
of general characters. . . . . Shall we admit as Cretaceous all 
these land formations bearing from top to bottom evident Hocene 
characters, on account of some isolated Cretaceous deposits locally 
spread over them; or shall we consider the whole presenting general 
characters positive enough to force its separation into a new group, 
and call it Hocene? . . . . We do not, and cannot call the Coal- 


1 Bulletin of the U.S. Geol. and Geogr. Survey of the Territories, No. 2, p. 61. 

2 Ibid. p. 7. In a communication to the Academy of Natural Sciences, Phila- 
delphia, Jan. 20 and 27, 1874, Prof. E. D. Cope has further corroborated the 
Cretaceous age of the lignite-beds of North-east Colorado and Fort Union by the 
discovery of remains of Dinosauria (Hadrosaurus, Be etc.), as well as of 
Tortoises and Crocodiles, 3 Ibid. p. 16. 
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measures either Devonian or Permian, on account of some fossils 
mixed in their strata, and identical with species of these different for- 
mations. Would it be rational to admit that Eocene shells and 
Eocene plants under the strata bearing Cretaceous fossil remains 
may be so-called Kocene colonies descended into the Cretaceous, and 
that the lignite beds underlying them represent an escaped member 
of the Eocene, bearing, as it does, in its flora, its compounds, etc., 
Eocene characters; and that these Eocene members have become of 
Cretaceous age by the only reason that some Cretaceous fossils are 
seen over them? As legitimate would it be, I think, to admit our 
present epoch as Cretaceous from the animals of Cretaceous types 
brought up by deep soundings from the bottom of our seas.” (Report, 
No. 4, p. 342.) 

Prof. Leidy’s work (No. 5), already alluded to, is chiefly occupied 
with descriptions of the Tertiary fossil vertebrata, and there is an 
interesting section on the Cretaceous vertebrates. Two genera of 
Birds described by Prof. Marsh, from Kansas, under the names of 
Ichthyornis and Apatornis, are the most remarkable of their kind. 
They have biconcave vertebre, and the jaws are furnished with 
teeth. Other Cretaceous birds described by the same author are Hesper- 
ornis, allied to the Colymbide, Graculavus, related to the Cormorants, 
and a new wading bird, Paleotringa vagans, from the Greensand of 
New Jersey. In remains of reptiles and fishes the western Cre- 
taceous formation abounds. Among the reptiles are some of the 
largest and most wonderful of their kind, represented by great 
turtles allied to Atlantochelys ; numerous species of Mosasaurus and 
closely related genera; the Polycotylus and the long-necked Disco- 
saurus, allied to Plesiosaurus ; and Pterodactyls, with enormous 
expanse of wings. This important contribution to extinct organisms 
will be followed by a second volume on the same subject by Prof. 
E. D. Cope, whose review of the Cretaceous vertebrata will be found 
in the Bulletin before quoted. J. M. 


II.—Gxrotocican Survey or Vicrorra. (Melbourne, 1874.) 


HE first Part, by Mr. R. Brough Smyth, contains an account of 
the progress of the Survey since the last Report, from which 

it appears that the areas surveyed and coloured up to the ‘present 
period include the Sandhurst, Ballarat, and Beechworth gold-fields, 
the Cape Utway and Cape Patterson coal-fields, and the Grampians 
and Glenelg districts. With regard to the Coal-fields, it appears 
that though thick seams were believed to exist, more recent investi- 
gations have shown that no workable seam of any thickness has 
been opened in any part of Victoria. The statements made in this 
respect in the Reports of the Board (pp. 91-124) appointed to in- 
vestigate the subject have been corroborated by Mr. John Mackenzie, 
the Government Examiner of Coal-fields, who, with Mr. Reginald 
Murray, has reinspected and measured the Coal-seams; so that Mr. 
Brough Smyth remarks, ‘There is no longer any doubt respecting 
the character of the seams of Coal which have been discovered up 
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to the present time. Not one of them, with wages as they are at 
present, is workable. It remains to be considered whether the lower 
beds of this formation, with which in the neighbouring colonies 
thick seams of Coal are associated, are likely to be discovered in 
Victoria.” (p. 23.) The flora of these Coal-fields, briefly alluded to in 
this Report, is interesting, from its Mesozoic facies, while in some 
cases, in Tasmania, New South Wales, and Queensland, with a 
Mesozoic flora, the associated marine fauna is of Paleozoic type. 
One point of interest is mentioned with regard to the genus Glos- 
sopteris (a well-known Australian Coal-fern), that it is usually cha- 
racteristic of the lower and thicker seams of Coal, but no trace of it 
has been found in Victoria. A table of fossils by Prof. McCoy is given 
at p. 83, of the more common and characteristic types, the greater 
number of which have been discovered in the colony; although de- 
termined by him, they have not yet heen published. Allusion is also 
made to some fossil fruits discovered about three years ago in an 
auriferous lead at Haddon, near Smythesdale, and described and 
figured by Baron von Mueller (in the Quarterly Reports of the 
Mining Surveyors), who infers from these remains “that during the 
later Tertiary period a portion of the western district of the colony was 
an archipelago, with here and there a few active subaerial volcanos, 
and enjoying a warmer climate than that which now prevails, and 
having on the land surfaces a vegetation somewhat of the character 
of that found in the north-eastern parts of Australia.” 

The second Report is on the Mineral Resources of Ballarat, by 
Mr. Reginald Murray, including an account of the various forma- 
tions, their characteristics, and the observed facts connected with 
them interesting to the miner and scientific inquirer. The rocks of 
Ballarat are Granite, Lower Silurian, with auriferous quartz reefs, 
and the Tertiary gold drifts. There are four clearly defined epochs 
of gold drift in the Ballarat district. 

1. The ‘oldest’ period included the deposit of drifts clearly ante- 
cedent to the time at which the lead-channels were eroded to their 
present depth. 

2. The ‘older’ period embraced the deep-lead drifts, those inter- 
vening between the lava flows and the lava flows themselves, the 
uppermost lava flow closing the period. 

3. Deposits of ‘recent’ age are those which were deposited im- 
mediately after the uppermost lava flow. 

4. ‘Most recent’ drifts are those in recently eroded gullies, or 
such deposits of clay, sand, and gravel as have accumulated subse- 
quently to the ‘recent’ period, and form coverings over the other 
deposits. 

These auriferous deposits show the amount of denuding action 
which disintegrated the quartz reefs during the various drift periods. 
For, although a large proportion of the alluvial gold was probably 
disintegrated from its matrix during the ‘oldest’ period; as the lead 
channels were eroded, the ‘oldest’ gravels were in a manner 
sluiced down, and their gold re-deposited in the river-beds, together 
with the fresh supply from the further disintegration of the Silurian 
rocks. 

DECADE II.—VOL. I.—NO. IX. 27 
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The three great lead systems near Ballarat further indicate an 
ancient system of rivers, corresponding approximately to existing 
drainage courses ; the southern corresponding to the Yarrowee, the 
western to the Burrumbeet, and the eastern to the Moorabool water- 
sheds. 

In concluding this brief notice of the Report, we cannot omit Mr. 
Brough Smyth’s pertinent remarks—‘“ The value of a geological 
survey is not to be measured by any discoveries of minerals which 
may be made by the surveyors. The primary object is to make 
known observed facts relating to the structure of the earth’s surface, 
and to place in due order of succession the several rock formations 
which present themselves to view. All the aspects of each forma- 
tion should be shown, and here the aid of the paleontologist is 
indispensable. To prosecute a geological survey with no other 
object than that of discovering minerals of economic value, is a 
mean avoidance of the duties which we owe to others who are 
labouring with different aims in all parts of the globe.” J. M. 
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I.—June 10th, 1874.—John Evans, Esq., F.R.S., President, in 
the Chair.—The following communications were read :— 


1. “On the Occurrence of Thanet-beds and of Crag at Sudbury, 
Suffolk.” By William Whitaker, Esq., B.A., F.G.S. 

After referring to some passages in papers by Mr. Prestwich, in 
which the probable existence of Thanet-beds in North Essex is 
mentioned, the author described certain sections near Balingdon, on 
the right bank of the Stour, which exhibit sands belonging to this 
series. ‘The principal section at the Great Chalk-pit, Balingdon, 
shows, in descending order, beds belonging to the London-clay, 
Reading-beds 9 feet, and Thanet-sands about 14 feet, resting on 
Chalk. No fossils occur in the Thanet-beds, and their identification 
is founded on the uniformity in the character of the sands, their 
resemblance in fineness, compactness, and colour to the Thanet- 
sands of West Kent, the presence at the base of the series of a green- 
sand resembling the “base-bed”’ of the Thanet-sand, and the oc- 
currence immediately beneath it of a layer of tabular flint, as is 
usual where the Thanet-sand caps the chalk. 

The Crag-beds described by the author are found on the left bank 
of the Stour, in Suffolk, and consist of ferruginous dark reddish- 
brown sand, with layers of ironstone, slightly false-bedded, with 
here and there light-coloured grit with broken shells. In the lower 
part there are layers of flint-pebbles, phosphatic nodules, and phos- 
phatized bones, which also form a bed about one foot thick at the 
bottom. These beds rest on deposits belonging to the lower portion 
of the Thanet-sands, and these again on the Chalk. In one pit a 
considerable number of fossils occur, but not in a condition to enable 
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them to be satisfactorily determined. From its position and general 
characters these beds were referred by the author to the Red Crag. 

Discussion.—Mr. Prestwich said that he was quite prepared to accept Mr. 
Whitaker’s interpretation of the beds referred to the Thanet-sand. 

Rev. — Timins remarked that the presence of ironstone did not prove the beds 
in which it occurs to belong to the Red Crag. 

Mr. Gwyn Jeffreys said that the limits of the Red Crag are not easy to de- 
termine, and that the casts of the shells obtained in the beds near Sudbury are not 
sufficient to prove the exact position to which they should be referred. 

Mr. Seeley stated that he had seen fine sections of Thanet-sands fully 20 feet 
thick at Hagley. They contained sharks’ teeth. The sands were capped with 
pebbles, and above these with London-clay. The Woolwich-beds either thin out 
to the north or are changed to sands at Hagley. 

Mr. Charlesworth inquired as to the number of species that could be identified 
with true Red Crag fossils. He thought that the presence of phosphatic nodules 
was confirmatory of the beds: belonging to either the Red or the Mammaliferous 
Crag. 

Mr. Godwin-Austen remarked that the occurrence of Thanet-sands. at Sudbury 
was a fact of much geological interest. 

Prof. Ramsay considered that freshwater conditions generally succeed marine, 
and that the submergence of the Chalk areas was followed by upheaval of land. 

Prof. Hughes thought that the base of the Thanet-sands could not represent a 
land-surface, but that there had been land in: the neighbourhood which gave rise 
to fluviatile conditions, 

Mr. Whitaker, in reply, saidithat he thought Mr. Seeley was mistaken in assert- 
ing the occurrence of Thanet-beds at Hagley. Hie maintained that the balance of 
probabilities was in favour of the beds referred by him to the Red Crag being of 
that age rather than drift. 


2. “Notes on the Phenomena of the Quaternary Period in the 
Isle of Portland and around Weymouth.” By Joseph Prestwich, 
Hsq., F.R.S., F.G.S. 

The author remarked that although the physical features con- 
nected with the later geological changes in this district were of much 
interest, they had hitherto attracted little attention. Commencing 
with the oldest drift-beds, he showed that the remains of one, 
formerly more extensive, had been found in the Isle of Portland 
at a height of 400 feet above the sea; that it contained the remains 
of the Hlephas antiquus, Equus fossilis, etc.; and that he found in 
this bed a number of pebbles of sandstone and ironstone of Tertiary 
age, and of chert from the Greensands, whence he inferred that, as 
such pebbles could not now pass over the plain of Weymouth, they 
must have done so before that area was denuded, and when bridged 
‘over by the Portland and Purbeck beds; for the pebbles are derived 
from beds which are only in sitd to the north of the Weymouth 
district, and at a distance of eight to ten miles from Portland. 
Further, this transport must have taken place before the elevation of 
the north end of Portland, and when the slope from the Bill to the 
Ridgeway was uniform and gradual. The anticlinal line, which has 
elevated the intermediate area, must be of later date than the drift- 
bed. 

The author next proceeded to notice the raised beach at the Bill 
of Portland, in which he had, with the assistance of Mr. Jeffreys, 
determined 26 species of shells, two of them not now living in the 
British Channel, and one new. This beach contains pebbles of the 
Devonshire and Cornwall rocks. 
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The raised beach Mr. Prestwich found to abut against an old cliff 
that had been swamped at a later geological period by a land-wash, 
which had levelled it and the old sea-land with the adjacent land- 
surface. ‘The mass which had thus swamped the cliff and buried 
the beach consisted of loam and angular débris, the latter being in 
larger proportion at top. In the loam he found several species of 
land and freshwater shells and fragments of bones. The angular 
débris consisted of pieces of the local rocks, together with a number 
of specimens, which by their organic remains were shown to belong 
to the Middle Purbecks, a part of the series not now existing in 
Portland. A similar bed, but much thicker, was then described at 
Chesilton, in the north of the island. It is there 60 feet thick, and 
contains large blocks of Portland stone and Portland chert, the 
greater number of which are in the upper part of the deposit, which 
is here on the sea-level, and 400 feet lower than the Portland 
escarpment which rises above it. This loam and angular débris the 
author was disposed to attribute to a temporary submergence of the 
land to a depth exceeding the height of Portland, and by which the 
land as it emerged was swept, and its débris carried down to the 
lowest levels, with the remains of its land-animals and land and 
freshwater shells, which latter, where protected by large masses of 
loam and suddenly entombed, have been preserved uninjured. To 
this deposit, which is common over the raised beaches on the south 
coast, the author proposed to apply the term ‘“ Land-wash.” 

The paper concluded with a short notice of the drift-beds formed 
subsequently to the denudation of the Weymouth district, and there- 
fore never on the high-level Portland drift. Amongst these was one 
near Weymouth of singular character, consisting almost entirely of 
subangular fragments of Greensand chert, which could not have 
been derived from beds nearer than Abbotsbury. The lower drift of 
the district is the valley-gravel of Upway and Radipole, in which 
the remains of Hlephas primigenius have been found. 


Discuss1on.—The Rev. O. Fisher remarked that the summit of the Isle of Port- 
land was capped with polished pebbles. Bones of Elephant and of Bos longifrons, 
with a slingstone, were found on a ledge in a fissure at the top of the talus, together 
with materials from the surface and land-shells. The polished pebbles were pro- 
duced by water containing mud filtering through them, and passing below into 

_ fissures caused by the slipping of the stone on the clay. 

Mr. Topley considered that the date of the disturbance described was low 
down in the Drift period. A part of the drift containing Lower Greensand 
pebbles may have been caused by an unconformable overlap. 

Prof. Hughes thought that the whole question turned upon the original configu- 
ration of the country,—what was the line of the old channel in the old river-valley 
now forming the English Channel ? 

Prof. Ramsay remarked that many questions were raised by this paper. In the 
anticlinal of the Weald the Cretaceous strata are accidentally conformable, whilst 
more to the west the Oolites are unconformable to the Cretaceous. The mass of 
the Eocene passed over the anticlinals of the Portland district ; and what had 
become of the overlying mass? He thought that it had probably been removed 
by subaérial influences. 

Mr. Koch referred to the polishing of stones in river-beds, which he had 
noticed in the north of Spain, in Bohemia, and in the Jura, and stated that in the 
river-beds carbonate of lime is deposited on the stones and preserves their polish. 

Mr. Godwin-Austen said that to whatever period the east and west disturbances 
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might be assigned, they were evidently comparatively recent. The phenomena 
shown in the section described by Mr. Prestwich corresponded with what might 
be observed in modern beaches. The angular gravels might be due to glacial 
action. 

Mr. Gwyn Jeffreys stated that the first shell-sand obtained from the raised beach 
was found to contain forms identical with those of the existing beach, but the 
second collection gave species not found nearer than Scarborough and Dublin. 
He referred especially to the presence of Cvprina minuta—a Greenland form found 
on the coasts of New England, rare in the south of England, but common in 
Shetland. He regarded the raised sea-beach as of the same character as those in 
Scotland containing a northern fauna ; the species were essentially northern, and 
no Mediterranean forms were met with. In the Selsea raised beach the species 
are of southern forms. 

Mr. Prestwich, in reply, stated that the fissures referred to by Mr. Fisher are 
quite recent, and contain remains of the wild boar. They had nothing to do with 
the raised beaches. The pebbles he considered to have been transported before 
the denudation. 

3. “On the Character of the Diamantiferous Rock of South 
Africa.” By Prof. N. Story Maskelyne, F.R.S., F.G.S., Keeper, 
and Dr. Flight, Senior Assistant, of the Mineralogical Department, 
British Museum. 

In this paper the authors confirmed certain statements made by 
one of them from a superficial examination of specimens brought to 
this country by Mr. Dunn. The specimens examined and analyzed 
by Dr. Flight were obtained from various diggings and from different 
depths, down to 180 feet in the case of one mass from Colesberg 
Kopje. Their characters throughout are essentially the same. 

The rock consists of a soft and somewhat pulverulent ground- 
mass, composed of a mineral (soapy to the touch) of a light yellowish 
colour in the upper, and of an olive-green to bluish-grey colour in 
the lower parts. of the excavations. Interspersed in the mass are 
fragments of more or less altered shale, and a micaceous-looking 
mineral of the vermiculite group, which sometimes becomes an im- 
portant constituent of the rock, which also contains bright green 
crystals of a ferruginous enstatite (bronzite), and sometimes a 
hornblendic mineral closely resembling smaragdite. A pale buff 
bronzite occurs in larger fragments than the green form of the 
mineral; and in the rock of Du Toit’s Pan an altered diallage is 
present. Opaline silica, in the form of hyalite or of hornstone, is 
disseminated through the greater part of the rock-masses, and they 
are everywhere penetrated by calcite. 

The analyses of the component minerals (given in detail in the 
paper) show that this once igneous rock is a bronzite rock converted 
into a hydrated magnesium silicate, having the chemical characters 
of a hydrated bronzite, except where the remains of crystals have 
resisted metamorphism. Except in the absence of olivine and the 
small amount of augitic mineral, it might be compared with the 
well-known Lehrzolite rock. 

The diamonds are said to occur most plentifully, or almost exclu- 
sively, in the neighbourhood of dykes of diorite which intersect the 
hydrated rock, or occur between it and the horizontal strata through 
which the igneous rocks have been projected. ‘The authors compare 
the characters of the diamonds found in different positions, and 
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come to the conclusion that their source is not very remote from 
that in which they are now found. 

The mineral above mentioned as resembling vermiculite is de- 
scribed by the authors as a new species under the name of Vaalite. 

4. “Note on a modiied form of Dinosaurian Ilium, hitherto 
reputed Seapula, indicative of a new Genus, or possibly of a new 
Order of Reptiles.” By J. W. Hulke, Esq., F.R.S., F.G.S. 

Tke author re-examines Mantell’s “Scapula of an unknown Rep- 
tile” =Owen’s ‘‘Scapula of Megalosaurus?”, and adduces reasons 
for considering it to be a modified Dinosaurian ilium. He describes 
two new examples of the bone in Dr. Wilkins’s collection, contrasts 
them with undoubted scapule of sundry Dinosaurs and existing 
reptiles, and proves their essential correspondence with the ilia of 
known Dinosaurs. 

5. “ Note on a Reptilian Tibia and Humerus (probably of Hyleo- 
saurus), from the Wealden Formation in the Isle of Wight.” By 
J. W. Hulke, Esq., F.R.S., F.G.S. 

In this communication the author describes two saurian limb- 
bones, remarkable for the great expansion of their articular ends, 
and the shortness and smallness of their shaft. The features of the 
tibia are more like those of the tibia of Hylg@esaurus than of any 
other Dinosaur. This resemblance, and the suitability of the humerus 
to the very massive articular end of the Hyleeosaurian scapula, dis- 
pose the author to refer the bones to this Saurian. 


IL—June 24th, 1874.—John Evans, Hsq., F.R.S., President, in 
the Chair. The following communications were read :— 

1. “‘New Carboniferous Polyzoa.” By Prof. John Young, M.D., 
F.G.S., and John Young, Esq., F.G.S., Hunterian Museum, Glasgow 
University. 

The authors described two new forms of Polyzoa from the Carbon- 
iferous Limestone shales near Glasgow. or one of these they 
proposed to form a new genus, Actinostoma, allied to Fenestella, 
with the frond erect, and poriferous on one face only, and with the 
fenestrules oblong. The species they named A. fenestratum. The 
second species was described under the name of Glauconome stellipora. 

2. “On Paleecoryne and other Polyzoal Appendages.” By Prof. 
John Young, M.D., F.G.S., and John Young, Esq., F.G.8., Hun- 
terian Museum, Glasgow University. 

The authors maintained that the structures described by MM. 
Duncan and.Jenkins under the name of Paleocoryne are not inde- 
pendent organisms, but mere processes of the Polyzoa on which 
they occur, the cells at the base being only the cells of the Polyzoa. 
They stated that the tissues of the two structures are perfectly con- 
tinuous, that the “dactylose basal lobes”? are the branches of the 
Polyzoon of which the processes are continuations, that the stem, 
capitulum, and branches of the processes are solid, that there is no 
normal aperture in the capitulum, that the stems do not always 
bear capitula, even when they give off branches, and that in many 
cases they are mere processes without either capitulum or branches. 
According to their observations, the stellate processes called Paleo- 


Geological Society of London. 423 


coryne are given off chiefly from the poriferous face, and the other 
processes from the poriferous and non-poriferous faces, and from the 
edge and base of the frond. The authors did not express any positive 
opinion as to the function of these processes, but they suggested that 
those given off from the non-poriferous face and from the base of 
calycine fronds, may serve as adventitious roots, and those given off 
from the margins and from the poriferous face near the margins, 
may be irregularities of growth, unless they are the commencement 
of new fronds. 

Discussion. — Prof. Duncan remarked that it was to be regretted that those critics 
who differed from original investigators in matters of fact did not correspond with 
them before offering their views to the Society. Had this course been taken in this 
instance, he would have been spared the necessity of explaining Prof. and Mr. Young’s 
errors of observation, and of showing that they had not as yet comprehended either 
the anatomy or the classificatory position of Paleocoryne. He objected to Palseozoic 
Polyzoa being saddled with such ‘appendages’ as Paleocoryne, because no modern 
form had anything like them, for they could not be compared with the avicularia or 
with vibracula. Moreover the base of Pale@ocoryne sat upon, covered, and destroyed 
numerous cells of the Polyzoon. It could not therefore be a sterile or any form of 
appendage, but must be looked upon as parasitic in the sense already explained by 
him and his colleague Mr. Jenkins. Of course there being no screws or pegs in 
Paleozoic times, the Paleocoryne could only attach itself by a fusion of its hard parts 
with those of the Polyzoon. Such organic connexion is common enough between 
modern parasites and their hosts. He had carefully studied the morphology of 
Paleocoryne with Mr. Jenkins, and the drawings had been admirably executed by the 
artist, and in the course of their investigations such opinions as those expressed by 
Prof. Young had occurred to them. He was satisfied that the ornamentation of 
Paleocoryne was mimetic of that of the Polyzoon, and that the stems, capitulum, and 
arms were originally hollow. He exhibited drawings and specimens showing the 
fistulose condition of the arms (from the collection of the Geological Survey of 
Scotland). When the structures were perfectly fossilized, they were of course solid, 
but the original central tube could be distinguished in most instances by the nature of 
the mineralization. Prof. Young had mistaken pieces of Fenestella for Paleocoryne, 
and had not distinguished the stolons of the Polyzoon from the arms of the hydroid. 

Mr. Jenkins said that among recent Polyzoa there is only one genus that has an 
appendage at all similar to Paleocoryne. This appendage, however, is very small in 
comparison with the individual Polyzoon, whilst the base of Puleocoryne covers 
50 cells of the Fenestelia. He thought it very unlikely that so large a surface should 
be sterile or useless. 


3. “The Steppes of Siberia.” By Thomas Belt, Esq., F.G.S. 

The author described the portion of the Siberian steppes traversed 
by him as consisting of sand and loam. The best section seen by 
him was at Pavlodar, where he found 1 foot of surface soil, 20 feet 
of stratified reddish-brown sand, with lines of small gravel, 8 feet of 
light-coloured sandy silt, 15 feet of coarse sand, with lines of small 
pebbles, and 1 line of large ones, and 6 feet of clayey unlaminated 
silt, with fragments of the bed rock in its lower half, the bed rock 
being Magnesian Limestone much crushed at the top. South of 
Pavlodar the surface was covered with pebbles, which became larger 
in advancing southward, until the soil was full of large angular 
quartz boulders. Further south the bed-rock comes to the surface 
in ridges and low hills, increasing in height until some of them 
attain 2000 feet. All the rock-surfaces were much shattered, as if 
by the action of frost, but they showed no signs of glacier-action. 
The ridges and hills were separated by plains composed of sandy 
clay, with numerous angular fragments derived from the rocks in the 


424 Reports and Proceedings— 


immediate neighbourhood. ‘This is accounted for by the author on 
the supposition that they formed a series of shallow lakes, frozen 
over in winter, and that the ice on breaking up carried away frag- 
ments of the rocks. The distribution of the boulders on the plain 
north of the ridges was also attributed to floating ice. 

The generally accepted marine origin of the great plain was said 
to be negatived by the absence of sea shells in its deposits, whilst 
Cyrena fluminalis occurs in them. The author regards them as 
deposits from a great expanse of fresh water kept back by a barrier 
of polar ice descending far towards the south. In its greatest ex- 
tension this ice-barrier would produce the crushing of the bed-rock ; 
and as it retreated, the water coming down from the higher ground 
in the south would cover a continually increasing surface. 

Discusston.—Mr. Drew thought that the deposits had a lacustrine aspect. Their 
nearest parallel was to be found in the great plain of India, the origin of which was 
not quite clear, although it had perhaps originated as a delta. He did not think 
that the ground had been covered by an ice-cap. 

Mr. Hulke believed that the author’s view as to the origin of the deposits was 
correct. He thought that the plains of Hungary were of a similar nature, their 
freshwater deposits having been formed in consequence of the stoppage of the 
Danube, changing what had been a dry plain into a vast lake. he effects described 
by the author might have been produced by a rise of land in the north. 

Prof. Ansted remarked that the extent of the country under consideration might 
be estimated roughly at 3,000,000 square miles, and asked whether this was to be 
regarded as the area of a freshwater lake. If so, whence did the water come and 
where did it go? He thought such a phenomenon of very unlikely occurrence. 

Mr. Belt, in reply, said that he was glad to find that the marine theory had had 
no supporters. He maintained as a fact that if a barrier were placed across the 
country, the numerous rivers would soon flood its whole surface. 

4, “On the Microscopic Structure and Composition of British 
Carboniferous Dolerites.” By 8. Allport, Esq., F G.S. 

The object of this paper is to supply further and conclusive 
evidence to show that there are dolerites and basalts of Carboni- 
ferous age whose original mineral constitution is precisely the same 
as those of the later Tertiary periods, those of both ages present- 
ing the same varieties of structure, and that the great alterations 
which most of the older rocks have undergone, constitute the only 
difference between the two groups. The author describes at some 
length the various constituents under the following heads, viz. 
felspar, augite, olivine, magnetite, mica, apatite, glassy matrix, etc. 
He next describes the occurrence of dolerites in the Midland Coal- 
fields, Ireland, Edinburgh, Arran, ete. 

In conclusion he draws attention to the many variations in com- 
position and texture in the same rock-mass, and accounts for them 
thus :—If the lava were simply in a viscid state, with the mgre- 
dients imperfectly mixed, portions of it must, on consolidation, 
contain them in various proportions, just as is known to be the case 
in imperfectly fused slags. 

He maintains that there is an absolute identity of composition, 
structure, and mode of occurrence in these eruptive rocks of very 
widely separated geological periods, and that therefore they should 
be placed in one group. 

5. “ Additional Remarks on Boulders, with a particular reference 
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to a group of very large and far-travelled erratics in Llanarmon 
parish, Denbighshire.” By D. Mackintosh, Esq., F'.G.S. 

The author, after referring to a number of northern-drift boulders 
in addition to those he had noticed in a former paper, describes 
several large felspathic boulders found up to a height of about 
1750 feet above the sea, on Cefn-y-fedw, N. of Llangollen. He 
then gives a somewhat detailed account of the drifts in the neigh- 
bourhood of Corwen, and of some large felspathic boulders, probably 
from the Arenig mountains, which are generally found on the sur- 
face, or interposed between the lower Boulder-clay and an upland 
extension of the middle sand of the plains. The main part of the 
paper is devoted to an account of the discovery of a numerous group 
of very large and far-travelled felspathic boulders in the parish of 
Llanarmon, Denbighshire. The author refers particularly to a re- 
markable slickensided boulder, and to the great “ Immovable Stone” 
at Maendigychwyn (now called Eryrys), about 1150 feet above the 
sea, which is the largest far-transported boulder he has heard of in 
the British Isles. He stated a number of facts and considerations 
which led him to believe that the Llanarmon boulders, along with 
those further N. and W., must have come all the way from Snowdon, 
and that they were floated over passes or cols in the intervening 
ranges of hills by icebergs or coast-ice about the close of the Lower 
Boulder-clay period. He concluded by noticing the necessity for a 
personal examination of boulders, instead of relying on answers to 
queries, and stated that about Llanarmon the felspathic boulders are 
called ‘“‘ gaanite tumblers,” while in Cheshire all kinds of boulders 
are called “marble stones.” 


6. ‘Note on the Bingera Diamond-fields.” By Archibald Liver- 
sidge, Hsq., F.G.8. 

The author commenced by describing the general characters of 
the older Australian Diamond-field of the Mudgee or Cudgegong 
District. The Bingera Diamond-field is situated in a basin among 
the mountains of the Drummond Range, the encircling hills being of 
Carboniferous or Devonian age. The diamantiferous drift occurs in 
patches in the basin, which is invaded by spurs of basalt. The rock 
under the drift is an argillaceous shale, and here and there are out- 
crops of a siliceous conglomerate. The diamonds have hitherto 
been worked only at the surface. The author mentions the principal 
minerals found associated with the diamonds, which are generally 
small, and their crystalline forms not very well developed. He also 
remarks on the general accordance in the geological constitution of 
various diamantiferous districts. 


7. “Remarks on the Working of the Molar Teeth of the Dipro- 
_ todon.” By Gerard Krefft, Hsq., F.L.S. Communicated by the 
President. 

In this paper the author criticized a figure of the lower molars of 
Diprotodon, published by Professor Owen, on the ground that the 
teeth are represented in it in an unabraded state, and stated that 
when the last tooth breaks through the gum, the first of the series is 
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always worn flat. He also remarked on the peculiar modification of 
the premolar in the genus Diprotodon. 


8. “ Description of Species of Chetetes from the Lower Silurian 
Rocks of North America.” By Prof. H. Alleyne Nicholson, M.D., 
D.Sc., F.R.S.E., F.G.8. 

In this paper the author accepted the union of Chetetes and 
Stenopora made by Milne-Edwards and Haime, and stated that 
Monticulipora, D’Orb., and Nebulipora, McCoy, also seemed to him 
to belong to the same generic group, for which he proposed to 
employ the name Chetetes. The genus thus defined he proposed to 
divide into four groups, under which he described the following 
North-American species :— 


Group I. Ramose species :— 
C. Dalei, rugosus, pulckellus, and Fletcheri, M.-Edw. and Haime ; 
C. gracilis, James; and C. approximatus, attritus, delicatulus, no- 
dulosus, Jamesi, and rhombicus, sp. nov. 


Group IJ. Frondescent and Palmate species :— 
C. mammulatus, M.-Eidw. and Haime; frordosus, D’Orb. (?); and 
clathratulus, James. 


Group III. Massive and Discoid species :— 
C. petropolitanus, Pand.; and discoideus, James; and 


Group IV. Encrusting species :— 
C. papillatus, McCoy ; and corticans and Ortoni, sp. nov. 
Most of the species are from the Cincinnati group near Cincinnati. 


9. “On the Composition and Structure of the Bony Palate of 
Ctenodus.” By li. C. Miall, Esq. Communicated by Prof. P. Martin 
Duncan, F.R.S., F.G.S. 

The specimen noticed by the author was obtained from the Low- 
Main Coal-seam of Newsham, Northumberland. The component 
bones are a parasphenoid and a pair of pterygo-palatals. The left 
dental plate agrees with the type of Ctenodus cristatus, Agassiz, in 
the Leeds Museum. The author describes the bones and teeth in 
detail. He regards Ctenodus as closely related to Ceratodus in the 
structure of the palate, and as differing but little from the Devonian 
Dipierus. 

-10. “Notes on a Railway Section of the Lower Lias and Rheetics 
between Stratford-on-Avon and Fenny Compton, and on the occur- 
rence of the Rheetics near Kineton and the Insect-beds near Knowle 
in Warwickshire, and on the recent discovery of the Rheetics near 
Leicester.” By the Rev. P. B. Brodie, M.A., F.G.S. 

This paper consists of a detailed description of the strata exposed 
at a little distance from the railway-station at Stratford-on-Avon 
and at Kineton, and of the evidence of the existence of the Insect- 
beds near Knowle in Warwickshire. The author also records the 
discovery of the Rheetics near Leicester by Mr. Harrison. The 
following is the section at the brick-pit at the base of the Spinney 
Hills in ascending order :—twenty feet of red and blue marls, 
twenty feet of hard fissured sandy marl containing fish-scales, and 
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fifteen feet of black and light-coloured shales full of fossils. The 
beds appear to dip to the 8.E. 


11. “The Resemblances of Ichthyosaurian Bones to the Bones of 
other Animals.” By Harry Govier Seeley, Esq., ¥.L.8., F.G.S. 

Hitherto in comparative anatomy the term affinity has been 
vaguely used in treating of the extinct groups. In this paper the 
author endeavoured to give precision to the term Tchthyosaurian by 
analyzing the characters of the Ichthyosaurian skeleton into the 
resemblances which it presents to the skeletons of other vertebrates. 
Ichthyosaurian characters are subdivided into Mammalian, Avian, 
Crocodilian, Chelonian, Lacertilian, Cameleonian, Rhynchocephalian, 
Ophidian, Urodelan, Piscine, Plesiosaurian, Dinosaurian, Dicynodont, 
and Labyrinthodont. By thus classifying the characters it is antici- 
pated that the affinities of the Ichthyosaurian type may be rendered 
evident. 

12. “‘The Resemblances of Plesiosaurian Bones with the Bones 
of other Animals.” By Harry Govier Seeley, Esq., F.L.S., F.G:S. 

This paper is an attempt to make a similar analysis of the Plesio- 
saurian skeleton. 

13. “On the Tibia of Megalornis, a large Struthious Bird from 
the London Clay.” By Harry Govier Seeley, Esq., F.L.S., F.G.S. 

The author described the distal portion of a right tibia of a large 
struthious bird from the London Clay ef Hastchurch in Sheppey. 
The only living types approximating to it are the Apteryx, which 
similarly has the shaft at the back of the distal articulation, and the 
Emu, which similarly has the shaft compressed from back to front. 
The author considered that the skull named by Prof. Owen Dasornés 
might, if it belonged to a bird, be referred to Megalornis; but he 
detailed considerations which led him to suggest that Dasorms may 
possibly be a fish. ‘ 

14. “On Cervical and Dorsal Vertebree of Crocodilus cantabrigiensts, 
Seeley, from the Cambridge Upper Greensand.” By Harry Govier 
Seeley, Esq., F.L.S., F.G.S. 

The author described in detail a cervical and a dorsal vertebra of 
a proceelous Crocodile from the Cambridge Upper Greensand, which 
in the main presented the character of a young existing Crocodile 
coupled with distinctive features. 'The centrum of the cervical ver- 
tebra is oblique, and the neural canal of the dorsal vertebra is small 
as in Hyposaurus. The species is of small size. 

15. “On the Base of a large Lacertian Skull from the Potton 
Sands.” By Harry Govier Seeley, Esq., F.L.8., F.G.S. 

This specimen was interpreted by the author as the anchylosed basi- 
occipital and basisphenoid of a Dinosaur. It showed a resemblance 
to Crocodiles in its posterior aspect, but in all other respects was 
Lacertian ; it makes a close approximation to Hatteria, and in no 
respect shows affinity to birds. ‘The pterygoid processes look down- 
ward, and the basioccipital condyle looks downward and backward. 
The base of the brain-cavity is long and narrow, while its anterior 
border corresponds to an imperfectly ossified fibro-cartilage seen in 
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the same position in Hatteria. The author did not regard the speci- 
men as giving support to Prof. Huxley’s hypothesis of the Avian 
affinities of Dinosaurs. 


16. “A Section through the Devonian Strata of West Somerset.” 
By Harry Govier Seeley, Esq., F.L.S., F.G.S. 

In 1867 the author had visited the Devonian country in search 
of the fault which Mr. Jukes supposed to traverse Devon and West 
Somerset. He satisfied himself by sectional evidence that no fault 
existed; and in a section from Hurlstone Point to Brushford has 
noted down the mineral character of the successive groups of strata 
forming the country; and the only folds of the strata seen by him on 
that line of section. He thought that Mr. Etheridge’s detailed 
grouping of the rocks was better suited to the N.W. part of the 
country than West Somerset, and that for that region the divisions 
of strata used by Mr. Jukes were convenient. 


17. “On the Pectoral Arch and Fore Limb of Ophthalmosaurus.” 
By Harry Govier Seeley, Esq., F.L.S., F.G.S. 

After some remarks on the structure of the pectoral arch in Ich- 
thyosaurus, the author described parts of a skeleton discovered by 
Mr. Leeds in the Oxford Clay, on which he founded the genus 
Ophthalmosaurus. 

The pectoral arch comprised the usual bones, but their relation to 
each other was unusual. The clavicles form a strong arch; the 
lateral clavicles join behind by interlacing sutural union, and not by 
overlap; while in front the episternum (or interclavicle) is wedged 
in between them so as to divide them. The coracoids are expanded 
and grasped by the clavicles in a depression in their margins; the 
scapula is large. 

The humerus shows the usual Ichthyosaurian characters, and has 
- three facets at the distal end. To these correspond three bones in 
the fore arm, the olecranon ossification being two-thirds as large as 
the radius. ‘The single row of carpal bones includes four elements. 


18. “The Glacial Phenomena of the Eden Valley and the Western 
Part of the Yorkshire Dale District.” By J. G. Goodchild, Hsq. 
Communicated by H. W. Bristow, Esq.. F.R.S., F.G.8. 

This paper is a continuation, in a northward direction, of the 
investigation of glacial phenomena which formed the matter of a 
paper lately read before the Society by Mr. Tiddeman, and pub- 
lished in the Society’s Journal. It gives a detailed description of 
the district treated of, the occurrence of ice-scratches, glacial erosion, 
and glacial drift. The author considers that the phenomena re- 
corded by him could not possibly have been produced by floating 
ice, and therefore must have been caused by land-ice. In the drift 
he finds evidence of a flow of ice from the south side of the Scottish 
Southern uplands, and that the ice which filled the Eden Valley 
seems to have had two opposite directions, the local iee flowing 
from the high land of the south, pressing outwards far to the north 
of the currents which flowed eastwards, the latter currents of ice 
going up the Eden Valley, but apparently not having ground down 
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the ridges of the high land at the head of the valley. At the 
same time the author proves that it must have passed over to-the 
lower levels, and that it undoubtedly deepened many of the valleys 
which happened to lie in its course. He considers that the Scotch 
ice could not well have exceeded 2400 or 2500 feet in thickness; and 
finally arrives at these conclusions :—that angular moraine-like drift 
of the high ground, the upper and lower tills, the deposits which 
form the eskers, and the numerous stranded boulders, are the result 
of the melting of a vast thickness of land-ice, charged throughout 
with stones and boulders of nearly every kind of rock occurring 
within the area in which the body of the ice originated. 


19. “Geological Observations made on a Visit to the Chaderkul, 
Thian Shan range.” By Dr. F. Stoliczka, F.G.8. 

In this paper the author gives an account of the geology of the 
district traversed by him in his journey from near Kashgar to lake 
Chaderkul on the Russian frontier, a distance of about 112 miles, 
his route lying among the southern branches of the Thian Shan 
range. 

Three principal ridges were crossed. The first, or “ Artush ridge,” 
consisted of newer Tertiary deposits of bedded clay and sand, mostly 
of a yellowish-white colour. These ‘‘Artush beds” were traced by 
the author for a distance of 22 miles. The southern slopes of this 
yrange were covered with gravel from 10 to 15 feet thick, which 
passes into a conglomerate with a thickness of about 200 feet. 

The second, or “‘ Kokan range,” is formed on the southern side of 
old sedimentary rocks, whilst the northern is occupied by newer 
Tertiary deposits and basaltic rocks, the former consisting of shales 
and limestones, in which the author found some fossils, inducing 
him to refer them to the Trias. These are succeeded by some dark- 
coloured shales, slates, and sandstones, dipping at a high angle to 
the north. 

On the denuded edges of these the newer Tertiaries rest, consist- 
ing of sandstones interstratified with basaltic rocks. These latter 
increase in thickness till just beyond Kula an old “somma”’ is 
reached, with perpendicular walls rising to a height of 1500 feet 
above the river. ‘The cone of the volcano has disappeared by sub- 
sidence. 

The third ridge, ‘‘ Terek-tagh,” consists of old sedimentary rocks, 
chiefly limestones. 


20. «‘ Note upon a recent Discovery of Tin-ore in Tasmania.” By 
Charles Gould, Esq., B.A., F.G.S. 

In this paper the author states that the ore has been found in 
large masses in sitté, and that the containing rock is lithologically 
distinct from the ordinary ternary granite which forms the whole 
of the stanniferous country of Queensland. The discovery was 
made at Mount Bischoff, in the N.W. portion of Tasmania, but as 
the district is covered by scrub an exact estimate of the exposed 
area of stanniferous rock is as yet impossible. It does not appear to 
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exceed a few hundred acres. Large quantities of stream-tin have 
been already obtained. 


21. “Note on the Occurrence of a Labyrinthodont in the Yoredale 
Rocks of Wensleydale.” By L. C. Miall, Esq. Communicated by 
Prof. Huxley, F.R.S., F.G.8. 

The author briefly describes a specimen, discovered by Mr. W. 
Horne, of Leyburn, in the Lower Carboniferous Rocks there, com- 
prising casts of five bones. T'wo of these are probably tibiz. Owing 
to their fragmentary nature the others cannot be accurately deter- 
mined. The author considers that these bones belong to an animal 
of higher rank than any known fish, and thinks that the Lower 
Coal-measures of Glasgow, with Losomma, may be of earlier date 
than the Yoredale Rocks. 

22. “Geological Notes om the Route traversed by the Yarkund 
Embassy, from Shahidulla to Yarkund and Kashgar.” By Dr. F. 
Stoliczka, F.G.S. 

- The author described the rocks observed by him along the course 

of the Karakash river and through the Sanju pass as chiefly meta- 
morphic, and very highly inclined, until near Yam sedimentary 
rocks rest unconformably on the schists. These are probably 
Paleozoic. Later rocks occur near the camp Kiwaz, some re- 
sembling the rocks of the Nahtn group, and underlain by deposits 
containing Carboniferous fossils. At Sanju coarse grey calcareous 
sandstones and chloritic marls of Cretaceous age occur. ‘True Loss 
occurs in some of the valleys. 


23. “The Hematite Deposits of Whitehaven and Furness.” By 
J. D. Kendall, Esq., F.G.8. 

The deposits of hematite occur in the Silurian and Carboniferous 
rocks, but chiefly in the latter, and nearly all those worked in the 
two districts are found in the Mountain-limestone. ‘They occur at 
all levels in the limestone, and generally near faults; their dip is 
the same as that of the beds in which they lie. Their longest axis 
almost always corresponds with the magnetic meridian. Their 
internal nature varies at the two localities. The Whitehaven 
hematite is much more compact than that of Furness. In the 
latter place it contains fossils from the Carboniferous Limestone. 

The author considers the hematites to have been deposited by 
water, coming probably from the Coal-measures, containing bi- 
carbonate of iron. The author believes that they were probably 
deposited after the Millstone-grit, but before the Permian. 

24. “Notes on the Physical Characters. and Mineralogy of New- 
foundland.” By John Milne, Esq., F.G.S. 

In this paper the author described in considerable detail the 
physical characters of the island of Newfoundland with regard to its 
surface configuration and coast outline, the traces of ice-action dis- 
played in it, and its mineral resources. The details of the latter are 
given under the heads of the various localities visited by the author. 


95. “Notes on the Sinaitic Peninsula and North-western Arabia.” 
By John Milne, Esq., F.G.S. 
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In this paper the author described in great detail the geological 
observations made by him during a journey, in company with Dr. 
Beke, in the Sinaitic peninsula. 


26. “Giants’ Kettles at Christiana.” By MM. W. C. Brégger 
and H. H. Reusch. Communicated by Prof. Kjerulf, F.M.G.S. 

The authors first refer to the popular notices about Giants’ kettles, 
and describe in detail a number of these pits, which were examined 
and emptied near Christiania. They then mention the theories 
concerning their origin. From their own facts and reading they 
conclude that many of these remarkable pits were made at the 
bottom of “ Moulins” during a glacial period, when the locality was 
covered with ice on the scale of existing ice in Greenland. The 
contents of these pits are traced to their parent rocks, which are 
higher up towards the great valley of Gulbransdal, in which glacial 
phenomena abound. They are inclined to conclude that moraine 
matter was washed off the glacier-ice from time to time, and left in 
the pits at last. 

The Society then adjourned till the 4th November, 1874. 


CORRESPONDENCE. 


—— 
AMPHICENTRUM IN A NEW HORIZON. 


Sir,—While carefully looking over a series of fossil teeth from 
the Sub-carboniferous Limestone, near Richmond, that had been 
lying in my cabinet for some time, I discovered two beautiful scales 
of Megalichthys, and an undoubted jaw of Amphicentrum nearly 
perfect. It is principally to the jaw that I desire to direct attention, 
for I am not aware that any remains of Amphicentrum have ever 
been found in the Limestone itself, though they have been obtained 
from the shales both above and below it, and are comparatively com- 
mon in the shales of the Upper Coal-measures. This specimen is 
larger than the jaws usually found in the more recent formation, 
being half an inch long and one-eighth of an inch broad at the 
articular extremity ; it presents two ridges, which are joined for 
some distance along the anterior portion of the surface of the jaw, 
but which diverge widely as they proceed backwards; these ridges 
are denticulated, and the denticles are most distinct on the posterior 
portion, where they resemble small rounded tubercles. The whole 
of the exposed surface is very plentifully covered with minute pores, 
which give it an irregularly granular aspect. I have no hesitation 
in ascribing this specimen to the same species as that found in the 
Coal-measures, and named A. granulosum, Young. The interest 
attached to this discovery is increased when we remember that the 
remains found in the Coal-shales must have belonged to fishes that 
existed in lakes, rivers, or estuaries, while the fishes that lived during 
the formation of the Sub-carboniferors “uimestone must have roamed 
in salt water; Amphicentrum must, therefore, have lived both in fresh 
and salt waters, like some modern fishes. 
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The remainder of the teeth in this collection belong to Cladodus, 
Cochliodus, Helodus, Petalodus, Pleurodus, and Pristodus, many of 
which fishes are also found in the Upper Coal-measures, and there- 
fore existed in both waters. W. J. Barkas, M.R.C.S.E., etc. 


PALAOZOIC STARFISHES. 


Str,— Will you allow me to add another Paleozoic Starfish to your 
very excellent list given in the January number of the Macazing, 
and which you have probably overlooked. I refer to the genus 
Cribeilites, G. Tate (C. carbonarius, G. Tate), Proceedings Berwick- 
shire Nat. Field Club, v. p. 71, obtained from a Sandstone in the 
Carboniferous Limestone series, near Shilbottle, Alnwick. 

Epinpurcu, August 10, 1874. R. ErHeripGe, Jun. 


PROTOGINE, 


Sir,—In a very recent number of the Academy mention is made 
of a fossil, in the Museum at Turin, of considerable interest: a frag- 
ment of protogine containing remains of plants, which are supposed 
to prove the sedimentary origin of that rock. But may not the so- 
called Protogine be a sedimentary rock formed of the elements of 
Protogine, and whose history is similar to that of some of the varieties 
of the so-called Arkose. and named by some French geologists granite 
régénéré or recomposé ? Mr. Scrope, in his excellent description of 
the volcanic district of Central France, speaks of such a rock not 
easily distinguished from the Granite, of whose elements it is com- 
posed, and on which it lies. There is an example of this exposed in 
a quarry above the village of Royat, near Clermont-Ferrand. 

Many granites may well be supposed to have had a sedimentary 
origin—for the ultimate analysis of certain sedimentary rocks agrees 
very closely with that of granite—but it is scarcely conceivable that 
they should still retain any such proof of such an origin as that 
which this fragment is said to possess. If this should meet the eye 
of Mr. Scrope, I would venture to ask him whether the fragment 
referred to may not improbably be supposed to belong to a rock 
whose origin is similar to that of the reconstituted Granite of the 
Limagne of Auvergne. 


Buituy Hint, Mippietroun, Rosert GARDNER, JUN. 
WELsuHPooL, July 29. 


VERS CS setae ae AN ae @ iS = 


Carr Town.—On June 380th an earnest effort was made by Mr. 
Fairbridge, Mr. C. Watermeyer, Mr. Dowling, Mr. Solomon, and 
other influential members of the House ¢ Assembly, to induce 
Parliament to appoint a GovernmEen. Ger Locist for the Colony. 
After an animated discussion, on the motion being put, twenty-three 
members voted for the apy °»’, ent, and twenty-four against. A 
little more pressure next eae , ought to insure a good majority 
in favour of the appointme —_, ch a rich and important geological 
region as the Cape of Gv ~iope ought no longer to remain 
unexplored, or only in the hands of amateurs. 
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J.—Ow tHe West Inpran Tertiary Fossizs. 
By R. J. Lecumrre Gurpy, F.L.S., F.G.S., ete. 
(PLATES XVI., XVII., anv XVIII.) 
(Continued from the September Number, p. 411.) 
Strombus pugiloides, n. sp. 

The shell for which I propose the above appellation was con- 
sidered to be Strombus pugilis by Mr. Carrick Moore. The name 
was misprinted fragilis in his paper in the Journal of the Geological 
Society, vol. xix. p. 511. In my papers on the Tertiary fossils of 
Jamaica and the West Indies, the species was recorded under the 
name Str. pugilis. In ordinary specimens like those usually found 
in Jamaica, Haiti, and elsewhere, the only well-marked differences 
that can be noticed between the fossil shell and the recent Strombus 
pugilis are that in the former the last whorl is usually devoid of 
the spiniform tubercles, and that the shell is of shorter and broader 
figure. But some examples, supplied me by my friend Mr. Vendryes, 
exhibit an unexpected character. They show chevron-shaped bands 
of colour, about 12-15 on the last whorl. Each band takes the shape 
of a V, the apex of which occurs near the middle of the whorl, 
and forms an angle of about 30° pointing backwards or away from 
the aperture. ‘These bands of colour are about two mm. wide and 
the spaces between them are about three mm. Numerous specimens 
of the recent Str. pugilis have passed through my hands, but I have 
never noticed the slightest approach to such a character. The recent 
shell is pale red or pink only relieved by an indistinct band of paler 
tint following the middle of the whorl. A less constant difference 
may be found in the low rounded lamellar dentition inside the outer 
lip which is very faint or altogether wanting in Strombus pugilis, but 
more marked in the fossil. 

Murex collatus, n. sp., Pl. XVI. Fig. 8. 

Ovate, rimate, slightly flattened, adorned with numerous thin 
slightly fimbriate or crenulate varices often doubled, especially the 
later ones; about seven on the last whorl! ; their interstices indistinctly 
crossed by low transverse costae which terminate in points on the 
varices; the upper point large, acute and projecting, giving an 
angulate appearance to the shell: varices uniting below to form an 
irregular and contorted canal. Whorls 6-7, somewhat angulate, 
Spire sharp. Outer lip expanded and crenulate, obtusely dentate 

1 Plates XVI. and XVII. having been unfortunately lost im transitu from Trinidad, 


they are now being re-drawn and will appear in the November Number.—Eprr. 
Gzot. Mac. 


DECADE II.—VOL. I.—NO. X. 28 
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within. Pillar-lip smooth. Length about 25 mm. Breadth 
about 15. Total length of last whorl. including canal, about 18 mm. 

Very closely related to M. caleitrapa, Lam. (Kocene, Europe). It 
is smoother and the whorls less angulate. These shells belong to 
a small group of Murices which exhibits the connexion through 
Trophon, Rapana, Latiaxis, etc., to Purpura. M. collatus would per- 
haps be ranked by some conchologists as a Trophon, as has already 
been done with M. calcitrapa. 


Typhis alatus, Sowerby. 


Journ. Geol. Soc. 1850, vol. vi. p. 48, pl. x. f. 4. 

A species almost as near to T. tubifer (Eocene, Europe) as Murex 
collaius is to M. calcitrapa. The living analogues of T. alatus are 
T. pinnatus and T. Sowerbyt. 

Ancillatia pinguis, n. sp., Pl. XVI. Fig. 3. 

Ovate conic, spire elevated, acuminate. Suture usually visible 
through the enamel which covers the spire, and accompanied at a 
little distance by a keel, the ridge of which is threadlike. Aperture 
suboval, elongate. Umbilicus deep, narrow, partly hidden by the 
callosity of the inner lip. Columella callus strongly twisted. Central 
portion of last whorl without enamel. 

Bears some resemblance to Anc. lamellata, Guppy. A near re- 
lation is perhaps A. rubiginosa, which has a spire of similar character. 


Cassis reclusa, n. sp. 


Ovate, ventricose, sulcated by about 18 narrow and shallow equi- 
distant spiral grooves, the flattened intervening ridges being raised 
into knobs by somewhat obscure longitudinal costs. Spire conic, 
cancellated. Apex smooth, blunt. Columella expanded into a granose 
callus; canal short; outer margin thickened and reflected, dentate. 

Very closely related to C. subulosa (a Bordeaux fossil). It is 
chiefly to be distinguished by its larger spire and apex, generally 
narrower and less ventricose figure, and somewhat stouter ornamen- 
tation. Amongst recent West Indian species the nearest relation of C. 
reclusa is C. granulata (?=cicatricosa, Meusch). 


Crepitacella cepula, Guppy. 
Melanopsis cepula, Journ. Geol. Soc. 1866, vol. xxii. p. 580, pl. xxvi. f. 14. 


Crepitacella cepula, Guot. Mag. Vol. IV. (1867), p. 500. 

This shell is related to Cyllene pulchella, Adams. It is not im- 
possible that some other fossils described as Melanopsis really 
belong to the group Crepitacella. 


Monodonta basilea, n. sp., Pl. XVI. Fig. 2. 


Top-shaped, umbilicate. Apex smooth, sharp. Whorls about seven, 
very strongly carinate, the stout keel on the angular ridge bearing a 
row of rounded undulate tubercles, and having near the suture a less 
distinctly marked keel, between which and the keel on the angle 
there is a slight concavity, marked only by faint spiral ridges crossed 
by lines of growth. Lower half of last whorl forming the base 
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covered with strong spiral ridges. Mouth subcircular. Columella 
lip callous, produced into a broad tooth above a short broad rather 
effuse canal. Outer lip dentate, grooved within. Total length about 
15, greatest breadth about 12 millimetres. 

In general characters there is some resemblance between this shell 
and Trochus cypris, Orb. (=Monodonta elegans, Bast.). 


Trochus decipiens, Pl. XVIII. Fig. 18. 


Top-shaped, imperforate, ornamented by many spiral lines of mon- 
iliform granules; whorls rather concave above, and bearing a rather 
broad angular keel on their lower portion; base flattened, covered 
with lines of rather square granules, aperture subquadrate, wider 
than high, broadly angulate by the keel; columella thickened, spread- 
ing into a callus over ‘the umbilicus. % 


Var. laticarinatus, Pl. XVIII. Fig. 19. 


Keel broader and higher, whorls deeply concave above, suture 
deeply impressed ; lines on the base squamosely granular. 
Pliocene, Trinidad. 


Trochus plicomphalus, Pl. XVIII. Fig. 17. 


Top-shaped, deeply perforated by a small circular umbilicus, zoned 
with many spiral granular lines, aperture subquadrate, columella 
straight, thickened; base with many (10-20) moniliform rows of 
granules, umbilicus deep, its margins dentate. 

Pliocene, Trinidad. It resembles 7. ziziphinus in shape, but is 
devoid of any keel on the whorls. 


Vitrinella marginata, Pl. XVIII. Fig. 21. 


Orbicular, umbilicate, discoidal, few-whorled, minutely spirally 
striate; outer margin with about four small articulated keels not 
visible from above, the outer one forming the periphery; whorls 
somewhat convex above; spire raised, ornamented with articulated 
radiating strie ; aperture nearly circular, rather oblique. 

Pliocene, Trinidad. <A most elegant little shell. 


Crucibulum piliferum. 
Shell covered with numerous erect tabular spines which are small 


towards the apex, larger towards the base; apex small, smooth, 
spirally recurved. 


Pliocene, Trinidad. It may be a variety of the next species, but 
its plicee are smaller, whilst the spines furnish an easily-recognized 
character. 

Crucibulum subsutum, Pl. XVIII. Fig. 4. 


Strongly striate, rugose, somewhat irregularly oval; striations 
with a tendency to run in pairs. 
Pliocene, Trinidad. 


Donax fabagetloides, Pl. XVIII. Fig. 10. 
Transyersely oblong, somewhat triangular, subequilateral, anterior 
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and posterior angles rounded; zoned with broad dark bands, and 
finely radiately striate ; margins crenate-dentate. 

Pliocene, Trinidad. Remarkable for its resemblance to D. Gabe 
gella. It is more equilateral than that species, and not so high 
relatively to its length. 


Venus Blandiana, n. sp., Pl. XVII. Fig. 8. 


Suborbicular, subequilateral, moderately convex, adorned with 
numerous equidistant concentric lamellae, between each of which 
there are about seven or eight concentric striz ; somewhat angulate in 
front and subtruncate behind ; margins crenate. Lunule smooth, 
impressed. Posterior dorsal area not defined, striate continuously 
with the lamellz of the disk. Umbones small. Cardinal teeth two 
under the lunule; lateral tooth one, nearly halfway down the posterior 
slope. 

Referred to hitherto in papers on West Indian fossils as Venus 
rugosa, var., to young specimens of which species it bears a some- 
what close resemblance. The Jamaican examples are smaller than 
those from Haiti. A specimen in the British Museum from the 
latter place is labelled V. circinaria, but it is not Cytherea circinata, 
nor even nearly allied to it. 

When describing Cytherea juncea from Cumana, I omitted to point 
out the close kinship between that fossil and C. circinata. 


Chama involuta, n. sp., Pl. XVII. Fig. d. 


Left (attached) valve deep internally, very convex externally, 
often spiral, completing a turn and a half, covered externally with 
distant large foliaceous scales more or less erect, between which are 
small irregular diverging granose ridges. Right valve patulous, 
ornamented with numerous close concentric sinuous foliaceous 
lamine. Umbones large, prominent, spiral. Margin and laminar 
cardinal tooth crenate. 

Mr. Vendryes suggested that this might be a Diceras; but I see 
no ground for referring it to that genus. It is certainly a very spiral 
Chama; but otherwise its characters are in all respects those of the 
genus. It is apparently always attached by the umbo of the left 
valve, and the place of attachment is generally marked by the 
remains or impressions of the septa of corals. It has some re- 
semblance to a recent species found in the West Indies, which, if I 
have identified it correctly, is Ch. ruderalis, Lam. ; but besides other 
considerable differences, the latter is always attached by its right 
valve. 

Plicatula vexillata, n. sp., Pl. XVII. Fig. 7 


Tnequivalve, irregularly fanshaped ; valves, usually with the disk 
almost smooth, adorned towards the margin by seven or eight stout 
obtuse radiating ribs, along each of which are disposed a few lines of 
reddish brown (probably red when alive), and between which are 
some distant almost foliaceous concentric strie of growth. Longest 
diameter about 17 mill. 

Very near to P. ramosa, Lam. Florida. 
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LisT OF THE FossIL MoLLusca, ARTICULATA, ECHINODERMATA, AND PRo- 
TOZOA HITHERTO DISCOVERED AND RECORDED FROM THE TERTIARY ROCKS 
OF THE CARIBEAN AREA (EXCLUSIVE OF ‘THE POST-PLIOCENE). 


SUB-KINGDOM 
MOLLUSCA. 
CLASS 
GASTEROPODA. 
Physa, Draparnaud. 
rivalis, Mat. & Rack. 
Planorbis, Geoffroy. 
tervertanus, Orb....... 
Gundlachia, Pfeiff. 
ancyliformis, Pf. ...... 
Bulla, Klein. 
striata, Brug. ......... 
Vendryesiana, Guppy 
paupercula, Sow....... 
granosa, Sow. ........- 
Tornatina, Adams. 
coixlacryma, Guppy 
canaliculata, Orb. 
Tornatella, Lamarck. 
textitis, Guppy ......... 
Cylichna, Loven. 
ovumlacerti, Guppy... 
Scalaria, Lamarck. 
clathrus, Lam. .......+ 
Leroyt, Guppy .......-- 
Lhrenbergi, Forbes... 
Turbonilla, Risso. 
LUTE OLD eebncciesnes= 


subcarinata, Orb. ...| 


Letostraca, Adams. 
clavata, Guppy ...... 
Odostomza, Fleming. 
levigata, Orb. ......... 
cancellata, Orb. ...... 
Aclis, Lovén. 
helecteroides, Guppy... 
Natica, Adanson. 
canrena, Linn, ...... 
sulcata, Born ......... 
phasianelloides, Orb. 
subclausa, SOW. ...... 
Naticina, Gray. 
regia, Guppy ......... 
_ Sigaretus, Lamarck. 
depressus, Phil.......... 
Ringicula, Deshayes 
tridentata, Guppy 
Turritella, Lamarck, 
zmoricata, Linn. ...... 
tornata, Guppy ...... 
planigyrata, Guppy... 
Vermetus, Adanson, 
- papulosus, Guppy...... 
lumbricalis, Linn. ... 
trilineatus, Guppy 


MIOcENE, EOcENE. 
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Additional 
Tertiary 
Localities. 


Europe. 


Barbados.’ 


Panama. ~~ 
Cuba. 
Panama. 
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MIOCENE. EOceENE. 


Additional 
Tertiary 


Localities. 
SUB-KINGDOM 


MOLLUSCA. 
CLASS 
GASTEROPODA. 
Peta oconchus, tea. 
sculpturatus, Lea.... . 
Stphonium, Browne. 
decussaitum, Gmel...... 51) 9% 
Narica, Recluz. 
sulcata, Orb. ......... SCX 
Triforis, Deshayes. 
gultata, Guppy...... «. x 
Cerithiopsis, Forbes. 
punctatum, Linn....... x | x 
Cerithium, Bruguieres. 
plebeium, Sow.........- 
uniseriale, Sow. ...... 
Solarium, Lamarck. 
semidecussatum, G. ... 
guadriseriatum, Sow. 
Monodonta, Lamarck. 
basilea, Guppy «......+ 
Cancellaria, Lamarck. 
Barretti, Guppy ...-.. 
levescens, Guppy ...... 
Moore’, Guppy.......-. 
scalatella, Guppy ...... 
Strombus, Linné. : 
pugiloides, Guppy..-..- Xs 
bifrons, SOW. ......+-- x 
ambiguus, Sow. ...... 
Flaitensis, Sow......... 
proximus, Sow. .....- 
Murex, Linn. 
Domingensis, Sow. ... x x | x Panama. 
collatus, Guppy .....- x 
Typhis, Montfort. 
alatus, SOW. ....2..0.66 x ae || 28 
Ranella, Lamarck. 
crassa, Dillw. .........| X x 
‘Triton, Montfort. 
variegatus, Lam. ...... x x 
fSemoralis, Linn. ...... x x 
gemmatus, Reeve...... x x 
Latirus, Montfort. 
infundibulum, Gm....| x x |x U. States. 
Turbinellus, Lam. 
ovoideus, Kien.......... x x x 
validus, SOW. .....006. x x 
Hlaitensis, Sow.......+. x 
Fasciolaria, Lam. 
textilis, Guppy ..-.....- Xx 
semistriata, Sow. ...... x x 
intermedia, Sow. .....- Xx [rope. 
Tarbelliana, Grat. ... x Chile, Eu- 
Pyrula, Lamarck. : 
melongena, Linn....... x x x fa x Europe. 


Recent. 
Pliocene 
Trinidad. 
Cumana. 
Barbuda. 
Trinidad 
(Caroni Series). 
Jamaica. 
Haiti. 
Anguilla 
Trinidad 
(Manzanilla. 
Trinidad 
(San Fernando). 


x x U. States. 


x Cuba. 
Panama. 


mm mm 
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MIOCENE. EocENE. 


Additional 
Tertiary 
SuB-KINGDOM Localities. 


MOLLUSCA. 
CLAss 
GASTEROPODA. i estan j ke nO 
Fusus, Humphreys. 
Henekeni, Sow. ...... x 
Haitensis, Sow......++- x 
Phos, Montfort. 
Moorei, Guppy........- 
erectus, GUPPpy ......... 
elegans, Guppy ........ x 
solidulus, Guppy ...... x | x 
Nassa, Lamarck. 
incrassata, Mill. ...... x |x ix x |x Europe. 
Planaxis, Lamarck. 
crassilabrum, Guppy x 
Purpura, Lamarck. 
Miocenica, Guppy ... x 
Terebra, Lamarck. 
tnegualis, Sow. ...... x x 
bipartita, Sow.......... 
fiammea, Linn.......... x 
sulcifera, SOW.....+.++- x 
Cassis, Browne. 
reclusa, GupPpy........- x 
SUlCYfErA, SOW. .....0+4 x |x 
monilifera, Guppy ... x 
Cassidaria, Lamarck. 
levigata, SOW. .....+++ x 
sublevigata, Guppy ... x 
Oniscia, Sowerby......... 
Domingensis, Sow. ... X 
Malea, Valenciennes. : 
camura, Guppy ...... x | x Panama. 
Ficula, Swainson. 
carbasea, Guppy ...... 52) || Se x 
Persona, Montfort. 
similimia, SOW.......+.. x exe ex 
Crepitacella, Guppy. 
cepula, GUppy ......... x x 
Columbella, Lam. 
Duclosiana, Orb.......| x | x 
pulchella, Kien. ...... x 
peculiaris, Guppy...... x 
Haitensis, Sow......... x 
venusta, SOW. ......-.- 
gradata, Guppy ...... x x 
ambigua, Guppy ...... x 
Olzva, Lamarck. 
reticularis, Lam. ......| x TEX Panama. 
hispidula, Lam. ...... x x x 
cylindrica, Sow. .....- ag |] Se) i] Se x Panama. 
oryza, Lam. ............ x 
Ancillaria, Lam. 
pinguis, Guppy........- x 
tamellata, Guppy... .. x 
glandiformis, Lam. ... x |x Europe. 


Recent 
Pliocene 
Trinidad. 
Cumana. 
Barbuda. 
Trinidad 
(Caroni Series) 
Jamaica 
Haiti. 
Anguilla 
Trinidad 
(Manzanilla). 
Trinidad 
(San Fernando). 


x Panama. 


ax mK 


a 4M 


K 


4 
”“ 


“ 


440 Rk. J. L. Guppy—West Indian Tertiary Fossils. 


SUB-KINGDOM 
MOLLUSCA. 
CLASS 
GASTEROPODA. 
Pleurotoma, Lam. 
COMSOV'S, SOW. ..02.050: 
venustium, SOW. ...... 
Barretti, Guppy ...... 
Famaicense, Guppy ... 
Henekent, Sow. ...... 
Flaitense, Sow. ........ 
Faquense, SOW. 162.060 
lator. @Oxrbaeaeseeeeece: 
luctuosa, Orb. .....54.. 
Conus, Linné, 
recognitus, Guppy 
plantliratus, Sow. 
stenostomus, SOW. ..+... 
granozonatus, Guppy 
interstinctus, Guppy... 
gracilissimus, Guppy 
Flaitensis, Sow......... 
symmetricus, Sow. 
marginatus, Sow. 
Domingensis, Sow. ... 
catenatus, Sow. 
consobrinus, Sow. 
prototypus, Guppy 
LUSLONIB YU Ge eee aes 
Mangelia, Leach. 
micropleura, Guppy... 
Mitra, Lamarck. 
flenekeni, Sow. ... .. 
UAVICOSA, SOW. ....0000- 
Voluta, Linné. 
RAMOS SON Suoccodecees 
pulchella, Sow.......... 
Ovulum, Bruguieres. 
tmmunitum, Guppy... 
Marginella, Lamarck. 
coniformts, Sow. ...... 
interrupla, Lam. ...... 
cerulescens, Lam....... 
Volvarina, Hinds. 
pallida, Lam. ......... 
catenata, Montf. ...... 
Erato, Risso. 
maugere, Gray 
Cyprea, Linné. 
pustulata, Lam. 
‘Flenekent, Sow......... 
Dentalium, Linné. 
‘Mississipense, Conr.... 
dissimile, Guppy ...... 
disparile, Ord. ......... 
Antillarum, Orb....... 
Trochita, Schumacher. 
Candeana, Orb ........ 


Recent. 


x 
x 


x 


x 


Anguilla. 
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SUB-KINGDOM 
MOLLUSCA. 
CLASS 
GASTEROPODA. 
Crucibulum, Schum. 


piliferum, Guppy...... 


subsutum, Guppy...... 
Crepidula, Lamarck 
aculeata, Lam......... 
Gadinia, Gray. 
OPHOMGTAY: deaiec-jsossnecene | 
Fissurella, Lamarck. 
Cayennensis, Lam. ...| 
Stomatia, Browne. 
exdolon, Guppy......-.- 
Neritina, Lamarck. 
Woodwardi, Guppy... 
Trochus, Linné. 
decipiens, Guppy ...... 
plicomphalus, Guppy 
Turbo, Linné. 
castaneus, Chemn...... | 
Cyclostrema, Marryat. 
bicarinatum, Guppy 
Vitrinella, Adams. 
marginata, Guppy ... 


Ciass PTEROPODA. 
Hyalea, Lamarck. 
Vendryesiana, Guppy 


Ciass CONCHIFERA. 
Martesia, Leach. 
striata, Linn. 

Teredo, Linné. 
JER ay, NESEY o5hc6 Gen6e0 
Gastrochena, Spengler. 
cuneyformis, Lam. 
Corbula, Bruguieéres. 
viminea, Guppy ...... 
vieta, GUPPY.........+. 
Cubaniana, Orb....... 
Caribea, Ord............ 
Neera, Gray. 
costellata, Desh. 
Cercomya, Agassiz. 
ledeformis, Guppy . 
Mactra, Linné. 
turgida, Gmel.......... 
subovalina, Guppy ... 
Mactrinula, Gray. 
macescens, Guppy 
Tellina, Linné. 
biplicata, Conr. 
Strigilla, Turton. 
carnaria, Linn. ...... 
Semele, Schumacher. 


eeccccose 


eoccee 


~ vartegata, Lam. 


MI0cENE. EOcENE. 
j Pie 
2 RO tecS il ec evesiall sca ames _| a oS 3 «| Additional 
Blea] ale Sse) ela ls | Sess Tertiary 
Og a Ss )/moOmn | ew] Slee | Ue lws ail 
8) os) a | a |ca. 5 &| 2 |e $|'s 3] Localities. 
CO) eels | Rls | 1] ] a | eal ee 
He |O;R IRE |S 4/9 /Fq 
9 =| a 
x 
x © 
aS |} Se 
de bs 
XG |IeXG 
Xs 
x 
x xX 
x 
x x x 
x 
x 
|x 
Heyy 9k 
Xs xX 
a8 || 3% 
| 
ea nex 
xX Xa exo eX x 
x || Se | 
BX | EX 
x x 
x 
Sa | eX 
xX: 
x 
| 
SX x Cuba;U.S. 
2S |!) 5% 
x x 


442 R. J. L. Guppy—West Indian Tertiary Fossils. 


SUB-KINGDOM 
MOLLUSCA. 
Cass 
CONCHIFERA. 
Donax, Linné. 
striata, Linn. ......... 
fubagelloides, Guppy... 
Lucina, Bruguieres. 
tugrina, Linn. ......... 
Pennsylvanica, Linn, 
muricata, Chemn. 
Crassinella, Guppy 
Martinicensis, Orb. ... 
Trigona, Megerle 
mactroides, Born....... 
Cytherea, Lamarck. 
Planivieta, Guppy. 
carbasea, Guppy ...... 
juncea, Guppy ......... 
convexa, Say......- Pee 
circinata, Born.......... 
Venus, Linné. 
Blandiana, Guppy.... 
paphia, Linn. ........- 
rugosa, Chemn......... 
puerpera, Linn........ 
Jiexuosa, Linn. . a 
cancellata, Gron. ...... 
crenulata, Chemn. 
Wall, Guppy ......... 
Woodwardi, Guppy... 
Dosinia, Scopoli 
acetabulum, Cony. 
cyclica, Guppy ......... 
Cardium, Linneé. 
muricatum, L. ........- 
flaitense, Sow.......... 
lingualeonis, Guppy... 
inconspicuum, Guppy 
castum, Guppy......... 
Cardia, Bruguicres. 
MINIMA, SOW. ... 02000 
scabricostata, Guppy.. 
Chama, Bruguieres. 
arcinella, Lam. ...... 
involuta, Guppy .. ... 
ruderalis, Lam......... 
Erycina, Lamarck. 
tensa, Guppy ......... 
Leda, Schumacher 
bisulcata, Guppy ...... 
incognita, Guppy ...... 
clara, Guppy ......... 
Packeri, Forbes ...... 
perlepida, Guppy .. 
ilecta, Guppy ......... 
Nucula, Lamarck 
Schomburgki, Forbes. 
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MIOcENE. EOcENE. 


Additional 
Tertiary 
Localities. 
SUB-KINGDOM. 
MOLLUSCA. 
Ciass CONCHIFERA. 
N. baccata, Guppy ...... 
vieta, Guppy sovodoodoon x 
Arca, Linné. 
occidentalis, Phil. ... ..| X | x x | x 
imcongruad, Say......... x x 
consobrina, Sow. ...... x x 
inequilateralis, oeey ; x 
patricia, Sow. .... x 28 
trinitaria, Guppy...... 
Jilicata, Guppy cheats 2s 
centrota, Guppy ......| X 
Adamst, Shuttl......... x 
Sguamosa, Lam. ...... x 
pexata, Say ..... ...... x 
Pectunculus, Lamarck. 
decussatus, Linn....... x aK x 
acuticostatus, Sow. ... x x | x 
Pecten, Bruguiéres. 
exasperatus, Sow... * x 
tnegualis, Sow. ...... x | xX 
thetzdis, Sow. ... 2... x 
nucleus, Born .....+... x | xX 
oxygonus, Sow. ...... x 
comparilis, Tuomey... x U. States. 
anguillensis, Guppy.. x 
Mortoni, Ravenel...... 3 x U. States. 
Plicatula, Lamarck. 
vexillata, Guppy .....- a 
Spondylus, Lamarck 
bostrychites, Gu x | Xx | x 
Ostr 24 UNG Bee [U. States. 
virginica, Gmel. ...... x x x | x Europe ; 
cucullata, Born. ......) X | X 
Gryphaa, Lamarck. 
athyroides, Guppy ... 2s 
CLASS 
BRACHIOPODA. 
Terebratula, Lhwyd. 
lecta, Guppy.... ....... x 
trinitatensis, Guppy... | 
carneoides, Guppy ... x | St. Barts. 
Argiope, Deslongch. 
Clevet, Davidson ..... | St. Barts. 
Crass POLYZOA. 
Cupularia, Orbigny. 
IBTY OCU csooseconces00- Xai XC IeeX: x | x 
calyxglandis, Guppy.. x 
Cellaria, Lamarck. 
salicornia, Pallas. ...| x | x | 


Trinidad 


(Caroni Series). 
Trinidad 


Trinidad. 
Cumana. 
Barbuda. 
Jamaica 
Haiti. 
Anguilla 
(Manzanilla). 
Trinidad 
San Fernando). 


Recent 
Pliocene 


( 


mo mM OM 


x x U. States. 


a 


SUB-KINGDOM 
ARTICULATA. | 


Ranina, Lamarck. 


porifera, Woodward. . | 


x |St. Barts. 
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MIOcENE. EOcENE. 


Additional 
Tertiary 
Localities. 


Recent 
Pliocene 
Trinidad. 
Cumana. 
Barbuda. 
Trinidad 
(Caroni Series). 
Jamaica 
Haiti. 
Anguilla 
Trinidad 
(Manzanilla). 
Trinidad 
(San Fernando). 


SUB-KINGDOM 
ARTICULATA. 
Spirorbis, Lamarck 
clymenioides, Guppy .. 
Ditrupa, Berkeley. 
dentalina, Guppy...... x 


ta 


SUB-KINGDOM 
ECHINODERMATA. 
Cidaris, Lamarck. 

melitensis, Wright ... x Europe. _ 
metularia, Lam. ...... x |\Guadeloupe 
Tripneustes, Agassiz 
ventricosus, Ag. s....- X. Ditto. 
LEchinus, Linné. 
cameleo, Mich. ......... x Ditto. 
LEchinometra, Klein. 
lobata, Blainv. ......... x Ditto. 
acufera, Blainv. ...... x x 
Clypeaster, Lamarck. 
Duchassaingt, Mich... Ditto. 
parvus, Duch. ......... Ditto. 
crustulum., Mich....... Ditto. 
ellipticus, Mich. ...... x | Ditto. 
Scutella, Lamarck. <M 
Michelini, Duch. ...... Ditto. 
LEncope, Agassiz. 
Desmoulinsi, Duch....) x 
Echinoneus, Phelsum. 
cyclostomus, Leske ...| x x Antilles. 
orbicularis, Desor. ... Cuba. 
Caratomus, Agassiz. 
pisiformis, M. & D. Guadeloupe 
Cassidulus, Lamarck. 
Guadelupensis,M.& D. Ditto. 
Lchinolampas, Gray. 
semiorbis, Guppy ...--- h x 
lycopersicus, Guppy ... x 
ovumserpentis, Guppy | x | St. Barts. 
Pygorhynchus, Agassiz 
Famaicensis, Mich. ... x 
Amblypysus, Agassiz. 
Americanus, Mich.... x 
Flemiaster, Desor. Leen? 
Michelottii, Mich....... Ai EY 
Schizaster, Agassiz 
Cubensis, Orb. ......... Ditto, do. 
Scille, Desm. ......... x Europe. 
Brissus, Klein. 
dimidiatus, Agassiz...) x x Cuba. 
Pentacrinus, Miller. 
rotularis, Guppy .....- x 
obtusus, GUPPpy......... = 
INCERTA SEDIS. 
Cisseis, Guppy. 
asterisca, Guppy ...... x 


a Ditto. 
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Mi0cENE. EOCENE 
SuB-KINGDOM Om et ee Me a ls 
PROTOZOA. BOD Mite esa liesag ge 
CLASS BS pay Se ae 
RHIZOPODA. == a 
Nummulina Ramondt .iccccccccccces| X x | xX Be) seo th ais 
Orbitotdes Mantelle.........0.c0-.seucee|g & | X, | * | X | X | X 
an ESPOOSYS Cocovaneesoe deboce x | x 
a TUGLAD ssoonaseuocoosoneboodese x 
A POLLY TQCCON sel dacielaieleisiets esis x 
3 TOHUBE boonacoce MiP rcasiet ate x 
Orbitolites complanatumt  ...ce seers x 
A mphisteginad Vulgaris ..rcccrcccevees x as 
LFeterostegtna MeEpressd  vicccececcevess x 
Operculiia complanata ..eicccevccrees x 
Miltola semirulunt.....ccceccccecees sis 8 
WROGUILIG CULLKATA 6 A vacecans sees ese x 
TROSAIRAUBCCCAT LM demacteenaceecseenes x 
OPUOUEGEO CHPELAT SE soocosocacoseosssscn 2 
Globigerina CATES sta ee eeees x. 38 
Nodosaria UALR aqosoksoase000860 060 x 
Ae JOS SHED Sanco0e00000200C090C0 x 
ee FAPRANUS -0.sserrveseeeeces x 
a FAPMANISTV UML ..sneceeeees xX | xX x 
a5 COUPQUB SSoc30600000000808800 x 
Ba PIT OMB. So00969880000 9° x 
CUPID 3946560050000 : x 
Spiroloculina POUT. 461909000000000000 x 
Glandulina lRVvISALA cceseserseoerceeee x 
Dentalima elegans sreccccvococesocesees x 
Sp |) JLBIOATES ‘coat thao 50 x 
i) COMMLUMIS saeeseeeee a3 x 
ue ACICULA «0.00. Sc x 
Polymorphina gibba .... o0 Ky 
Orbitolina vesicularis... : X 
Rotalia orbicularis ...... Batts bets xs 
St COUCLIULILLHUC IE eilatereeichesiaxe sh By x 
Vaginulina striata........ BGaP utes ae x 
7 UFRETULO 948508080 005000000 x 
Frondicularia COMPlLANALA....0. 100+. x 
Textularia Barrett .... Ae rte x 
Bulimina OVAL ....0..0060 AU Ee aemerce x 
LLIDUO? SQUAT Tilson | oboe cccobosonebos5 x 
Vertebralinad Striata veereccccrerroeeee x 
Cuneolina pavonia... Sadedoodon x 
Cristellaria calcar ....... Jeqdoo x 
3 cultvata w... wceens x 
Ad rotuUlata aoe 900 x 
50 LXQUEEOR b59600000000990005009 x 


EXPLANATION OF PLATES. 


ALL THE FIGURES ARE OF THE NATURAL SIZE, 
PLATE XVI. 


Fic 1. Phos erectus. Fic. 7. Ovulum immunitum. 
,, 2. Monodonta basilea. », & Murex collatus. 
>, 3- Ancillaria pinguts. » 9. Purpura Miocenica. 
» 4. ZLornatella textilis. », 10. Scalaria Leroyt. 


5. Lasciolaria textilis », 11. Ditrupa dentalina. 
» ©. Bulla Vendryesiana. 
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PLATE XVII. 


Fic. 1, 10. Leda clara. Fic. 6. Maticina regia. 
», 2a, 26. Hyalea Vendryesiana. » 7 LPlicatula vexillata. 
A yeh Conus consobrinus. >, & Venus Blandiana. 
aS Cancellaria scalatella. > 9. Conus prototypus. 


5a, 6,c. Chama involuta. 
5a. exterior of left valve. 
56. zxterior of left valve. 
Sc. exterior of right valve. 


PLATE XVIII. 


Fic. 1. Conus prototypus Miocene, Trinidad. 
» 2 Scalaria Leroy ae ne 
» 3. Cupularia calyxglandis Eocene Trinidad. 
> 4. Crucibulum subsutum Pliocene, An 
» 5. Lurritella planieyrata Miocene, 55 
5», 6. Mangelia micropleura Pliocene, 96 
> 7. NMucula baccata ss Be 
PNM ite) vuelta ni ay 
» 9. Leda perlepida .) ee 
», 10. Donax fabagelloides HS ap 
5, Il. Aclis helecteroides 59 baci 
», 12. Vermetus trilineatus ae ae 
/ 5, 13. Mlanaxis crassilabrum Fs Me 
», 14. Solarium semidecussatum ae an 
»> 15. Lurbonilla turris S 3 
5, 16. Leiostraca clavata y “ ik 
», 17. Lrochus plicomphalus se An 
alos decipiens 5 Poe 
5) eLO: var. laticarinatus ,, “ 
», 20. Columbella peculiaris as “ 
», 21. Vitrinella marginata an ue 
9, 22. Cylichna ovumlacerti Eocene, zy 
»» 23. Arca centrota Pliocene, nO 
», 24. Pecten Angullensis Miocene, Auguilla. 
», 25. Pentacrinus rotularis Eocene, Trinidad. 
>, 20. ——— obtusus 4 Ba 
>, 27. Triforis guttata . Pliocene, ee 


II.—Notrs on THE IMPRESSION OF P4LZONTINA OOLITICA IN THE 
JERMYN StREET Museum. 


By A. G. Butter, F.L.S., F.Z.S., ete. 
of the British Museum. 


(PLATE XIX.) 


T will be remembered that, in the GronoaicaL Magazine for 1873, 
Vol. X. p. 2, Pl. I. Figs. 1, 2, I described a fossil Butterfly from 
the Stonesfield Slate under the name of Paleontina oolitica; the type 
was in the possession of Mr. H. Charlesworth, who subsequently dis- 
covered that the twin impression had been obtained by Mr. J. W. 
Judd, F.G.S., who presented it to the Museum of Practical Geology, 
Jermyn Street. 

Soon after the publication of my paper, my friend Mr. Samuel 
Scudder, of Boston, U.S. (who has long taken great interest in fossil 
insects, especially Lepidoptera), wrote me a letter, from which I 
subjoin an extract :— 

“ While in England, I studied the original of your fossil butterfly, 
and also of its reverse in the Museum of the School of Mines. I 


Geol Mag 1874. New Series. Decade II Vol. 1. Pl XIX. 
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es del et lth. Mintern Bros. imp. | 
i Wing of Dasyophthalma. 
2. Wing -of Gicada. 

3. Pupa of Cicada. 
4A. 
5 


Paloeontina Ochitica. 
., ..... (restored) 
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saw them both the same day, and took tracings of them, so that I 
am confident they are really reverses. That of the Jermyn Street 
Museum is more perfect than the one you saw in some particulars, 
especially in giving clearly the basal half of the inner border and 
some of the cross-veins, altogether proving that the insect was not a 
butterfly, but an Homopteron allied to some of the Cicade—a con- 
clusion strengthened by the fact that I saw in Mr. Brodie’s Collection 
specimens which I could only refer to the pupz of Cicada-like 
animals of just about the size this wing would require. I was very 
sorry to make such a discovery; but I think, if you re-examine the 
specimen and compare it with its reverse, that you can scarcely fail 
to agree with me.” 

In answer to the above, I told Mr. Scudder that Mr. Charles- 
worth’s fossil had been examined at a full Meeting of the Entomo- 
logical Society, at which Prof. Westwood presided, and that both he, 
Mr. Bates, and other eminent Entomologists present, had agreed that 
I had rightly determined the position of the genus; also, that I saw 
no resemblance whatever between my fossil and an Homopterous 
insect. I received (two months later) the following reply :— 

“T inclose a rough tracing of the sketch I took of the Jermyn 
Street ‘fossil butterfly’—the original made by tracing from the 
stone, and the more delicate and inconspicuous parts filled in after- 
ward. I do not see how you can possibly reconcile this to the 
neuration of any family of butterflies, and there are distinct features 
which make it decidedly anti-lepidopterous.” 

“You are the only living person I know of, who has devoted 
himself directly to the neuration of butterflies, so that I should have 
more faith in your judgment than,” ete., ete. 

The “ tracing ” inclosed in the above certainly looked exceedingly 
anti-lepidopterous, and determined me to go and see the Jermyn 
Street fossil for myself, and this I took the first opportunity of doing. 

I found the impression far inferior to Mr. Charlesworth’s counter- 
part, to which it undoubtedly belongs. It is in every respect less 
perfect, the base, front margin, apex, and part of the external angle 
of the wing being broken away. Although I searched carefully, I 
could find no cross-veins ;- but Mr. Newton very kindly pointed out 
certain stained appearances as Mr. Scudder’s cross-veins ; they can 
only be seen in certain lights, although well marked on the type, 
and clearly indicated in my figure in “ Lepidoptera Exotica.” In 
short, I could see hardly any resemblance between the fossil and 
Mr. Scuddev’s tracing, and I wrote to him to that effect. 

A short time since, I noticed the following, in the Proceedings of 
the Boston Society of Natural History, vol. xvi. p. 112 (1874) :— 

“Mr. Scudder exhibited a figure of an English fossil insect which 
had been described as Lepidopterous, and as one of the Satyride. 
The original specimen belongs to Mr. Charlesworth, and the reverse 
to the Jermyn Street Museum. The neuration seems impossible for 
a Lepidopterous insect, and resembles that of the Cicade more 
nearly than anything else, but differs in the nervures at the base. 
In Mr. Brodie’s Collection Mr. Scudder found pups of Cicadine, 
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which correspond to this insect in size, and are formed” [found ?] 
‘‘at the same, or nearly the same, geological horizon.” 

Seeing that Mr. Scudder had made his views public, I felt that it 
was time for me to take similar steps on my side. I therefore 
availed myself of an early opportunity of again visiting Jermyn 
Street, where, through the courtesy of the officers, I was enabled to 
make a sketch of the impression in the Museum. I found it im- 
possible to make a tracing of it, and therefore drew the whole by 
measurement. This sketch is now produced on Plate XIX. Fig. 4; 
and anybody can judge for himself whether or not it is more perfect 
than that which I previously figured (see Grou. Mac. 1878, Vol. X. 
Oe a ded VI lahirses 72). 

In order to show the extent to which the Jermyn Street example 
is deficient, I have restored it (Fig. 5), filling in the blanks from Mr. 
Charlesworth’s specimen. By comparing the latter with the wing 
of Dasyophthalma (Fig. 1), and Cicada (Fig. 2), one may come to a 
pretty accurate conclusion as to the group of insects to which it 
ought to be referred. 

If one compares Fig. 2 (the wing of a Cicada) with Fig. 3 (the 
pupa-case of a Cicada), it becomes a matter of doubt as to what 
Mr. Scudder means when he speaks of “pupa of Cicadine, which 
correspond to this insect in size.” Not having seen Mr. Brodie’s 
specimens, I can only judge (from what I know of the relation in 
size of the wing in the pupa-case to that of the perfect insect), that 
they must be enormously too large for P. oolitica, and can have 
nothing to do with it: possibly, however, the Secretary of the 
Boston Society may have misrepresented what Mr. Scudder really 
said, for in his letter to me he says—‘of just about the size this 
wing would require.” 

That Lepidopterous insects did exist in the Lower Oolite is now 
proved beyond doubt by the discovery of a second species, in the 
Collection of Mr. James Parker, of Oxford. The following is an 
extract from a letter received from that gentleman :— 

“Tt is only a part of the wing, and in rather poor condition com- 
pared with Mr. Charlesworth’s specimen. . . . . I took mine to 
our annual Warwick Meeting, to show rather the imperfect state of 
preservation which we must expect, even if Lepidoptera existed in 
abundance, and argued upon their unpreservable nature as compared 
with other remains. It so happens Westwood was talking to me a 
day or so ago about another matter, and I showed the specimen to 
him. He is going to draw out the probable lines of the veins where 
the specimen ceases. There is a little difficulty about the two lower 
veins, as they appear to curve round downwards, and not to meet, as 
they ought to do; still he has little doubt as to the Lepidopterous 
character. (So in the same way he does not hold to Mr. Scudder’s 
opinion about Charlesworth’s specimen. He has no doubt it is to 
all intents and purposes Lepidopterous.)”’ 

When I have so great a champion on my side as the author of the 
“‘Genera of Diurnal Lepidoptera,” and when I know that Mr. Bates 
also (the author of our present recognized classification of butterflies) 
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agreed with me, when I exhibited the fossil, that it was properly 
placed in the Lepidoptera (Brassoline, not “ Satyride”’), I may 
safely remain steadfast in my original opinion, reminding my friend 
Scudder that though I am not infallible, neither is he, but at the 
same time two heads are better than one. 


IJI.—On tat Microscoric SrructurE or THE LamBay PorRPHYRY 
(oR PoRPHYRITE).' 


By Professor Epwarp Hvtt, M.A., F.R.S., President R. G. 8. I. 


HIS very handsome rock forms almost the whole surface of the 
Island of Lambay and of the adjoining coast, a few miles to the 
north of Dublin Bay. It is also laid open in the railway cutting at 
Donabate Station ; and has received considerable notice owing to its 
intrinsic beauty as an ornamental stone, and its proximity to the Irish 
metropolis. J am informed by Rev. Dr. Haughton that he has iden- 
tified specimens from the tessellated pavement of St. Kevin’s Church, 
Glendalough, of the seventh century, which were submitted to his in- 
spection by Sir W. Wilde. A polished table, together with a large 
block presenting two sides cut and polished, are placed in the 
gallery of the Royal College of Science in St. Stephen’s Green; where, 
to those familiar with the marbles of Italy and Greece, the appear- 
ance of these specimens cannot fail to recall the green porphyry 
(Marmor Lacedemonium viride) so largely used in ancient decorative 
works of art, and often reset in modern ones, the source of which is 
in the neighbourhood of Sparta and Marathon.? The two rocks, how- 
ever, though resembling each other in appearance, are essentially 
distinct as regards mineral composition, M. Delesse having proved 
that the Grecian porphyry contains augite as an essential, and is 
apparently a porphyritic basalt, while the Irish porphyry is altogether 
destitute of this mineral. As regards geological age, the Lambay 
porphyry appears to have been intruded amongst the Lower Silurian 
rocks at a period antecedent to that of the Old Red Sandstone,’ as 
this latter formation overlies the porphyry without appearing to have 
undergone any alteration along the surface of contact.* 

The appearance of the porphyry is locally variable; but in its 
normal condition it consists of a dark green base, inclosing numerous 
pale green crystals of felspar. These crystals are of various sizes up 
to an inch in length. Occasionally there are cavities inclosing seg- 
gregations of chalcedony, epidote, chlorite, or calcite, which also fill 
in little veins and fissures in the rock itself. In some places it is 
highly vesicular, the cells containing flesh-coloured calcite. The late 
Professor Jukes and Mr. Du Noyer appear to have considered the 
rock to be hornblendic—attributing the dark colour of its base to the 


1 Read before the Royal Geological Society of Ireland, 13th April, 1874. 

2 E. Hull, ‘“ Building and Ornamental Stones of Great Britain and Foreign 
Countries,” p. 73. 

3 Maps of the Geological Survey, Sheet 102, with Explanation by Messrs. Jukes 
and Du Noyer. 

4 Tt is represented in a similar manner in Griffith’s Geological Map of Ireland. 
Edit. 1855. 
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presence of this mineral; and on the Maps of the Geological Survey 
it is named and coloured as ‘‘ Greenstone Porphyry.” But the thin 
translucent slices, one taken from Lambay Island, and the other from 
Portraine, fail under the microscope to reveal this mineral; while, 
on the other hand, they show that the dark colouring of the base is 
due to its being highly charged with minute crystalline grains of 
magnetite, together with which is a little chlorite, imparting the 
greenish tinge to the rock. 

While, therefore, from the character of the rock, it is by no means 
improbable that hornblende occurs as an accessory in some places, 
yet on the whole it ought to be regarded as a felstone porphyry ; 
or, to adopt Naumann’s term for the quartzless varieties of porphyritic 
felstones, “‘a porphyrite.”1 We shall now proceed to consider its 
microscopic structure in detail, beginning with the base. 

The Base-——When a thin slice is examined with a moderate power 
(magnifying from 24 to 100 diameters), the base is seen to consist 
of a colourless felsitic material, amorphous, but sometimes containing ‘ 
long minute felspar crystals. Throughout this base small black crys- 
talline grains of magnetite are distributed in immense numbers, often 
so small as not to come into sight till viewed with a high power. 
Along with the magnetite, a mineral which I take to be chlorite is 
abundantly diffused in the form of light green clouds, or else filling 
up along with calcite cavities and minute fissures. The dense and 
dark appearance of the base is therefore evidently due to its being 
charged so fully with magnetite, while the greenish tinge is due to 
the green structureless mineral which is more or less generally dis- - 
tributed throughout the felsitic base; and which, in all probability, 
is chlorite. 

Orthoclase crystals. — These are abundant. and sometimes well 
formed. They frequently occur in pairs, sometimes in threes, less fre- 
quently in the form of a cross. They vary in size from half an inch 
downwards. In colour they are pale green, mottled white, and under 
the microscope are seen to be traversed by cleavage planes and fissures 
in various directions, altogether different from the fine parallel lines 
and bands which characterize the triclinic group of felspars. Occa- 
sionally, however, a banded structure parallel to the sides of the 
prism is observable in some of the crystals displayed on the polished 
block in the Gallery of the College of Science. 

Magnetite——Small black grains of magnetic iron-ore are so abun- 
dantly distributed throughout the base as almost to obscure it, unless 
the slice is exceedingly thin. Along with these are also occasionally 
larger perfect cubes, showing well-defined angles of 90° as estimated 
by the eye. It is remarkable, however, that it is only at rare inter- 
vals that a crystal of magnetite becomes enveloped in one of the fel- 
spar crystals, from which it may be inferred that these latter were 
consolidated while the iron ,remained dissolved throughout the 
materials from which the base was ultimately formed. 

Very singular, however, is the manner in which these magnetite 
grains are arranged around the interior of some small cells, as shown 


2 B. von Cotta’s ‘‘ Lithology,”’ English Version, pp. 168-9. 
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in Fig. 1. Here they assume a stellate, or plumose arrangement, 
branching out from certain centres placed at intervals around the 
sides of the original cell, now filled in with chlorite and calcite. 
This structure I regard as due to polarity, the magnetite grains 
having arranged themselves side by side somewhat in the manner in 
which steel dust will arrange itself between the opposite poles of a 
magnet. Dr. Reynolds, however, suggests that the structure is 
similar to the dendritic form assumed by manganese ore between the 
laminz of sandstone or shale, and which he has shown to be due to 
magnetic force. In this case he supposes the cleavage planes of the 
calcite to have afforded the necessary conditions.. 
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Fig. 1.—Cell in the porphyry ‘lined with chlorite and filled with calcite. Several 
stellate prominences formed of minute grains of magnetite project from the 
walls of the cell into the interior, and are imbedded in calcite. Mag. 26 diams. 


Chlorite.—This mineral is abundantly disseminated throughout 
the base. It also occurs in small irregular grains, or (along with 
calcite) fills in. cracks and cavities in the rock. It is of a pale leek- 
green colour, structureless, but often inclosing minute cells, probably 
gas or air bubbles, as shown in Fig. 3. It is to be presumed that 
this mineral is in every case of secondary origin, and is not directly 
the product of igneous fusion. It has therefore been introduced by 
the agency of water, which has permeated the whole mass. of the. 
rock through channels inconceivably narrow, and which. can only be 
revealed by the aid of a high microscopic power. In the section of 
the cavity (Fig. 1) which has been filled in by this material and 
calcite, the chlorite forms a partial lining, interposed between the 
walls of the cavity and the calcite which fills the interior, so that it 
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is probable the chlorite was the first of these minerals infiltrated into 
the mass of the rock. 


‘Fie. 2. 


Fig. 3. 7 


Fic. 2.—Group of orthoclase crystals imbedded in the felspathic matrix, darkened 
by grains of magnetite. Mag. 25 diams. — 

Fic. 3.—Cavity filled with chlorite showing cellular structure. Mag. 55 diam. 
6. Cell in chlorite. Mag. 400 diams. 


Calcite.—The calcite, which is very abundantly diffused through- 
out the prophyry, occurs chiefly in fissures, often extremely minute, 
and in the cells, which were probably filled originally with gas or 
steam. It is always in a crystalline state, and under the microscope 
the lines corresponding to the cleavage planes of the rhombohedron 
are clearly developed. With polarized light, the calcite exhibits as 

_usual the faint and delicate pearly or opalescent play of colours, 
amongst which a pale smalt blue is the most easily recognized. 

The calcite is unquestionably due to infiltration; and its abund- 
ance may with great probability be attributed to the Carboniferous 
Limestone of the district, which must once have overspread and 
covered up the rocks of Lambay and Portraine, which have since 
been brought to light by the denudation of the limestone. It is easy 
to conceive that water percolating downwards through the limestone 
and the thin coating of Old Red Sandstone beneath would become 
strongly impregnated with carbonate of lime, which it would deposit 
amongst the fissures and cells of the older rocks beneath. 

Along with the minerals here described are also to be found 
erystals of pyrites; and the order in which the different minerals 
seem to have been formed is as follows :—First, during consolidation, 
the crystals of orthoclase; next, the crystalline grains of magnetite; 
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and lastly the felsitic base itself. Then, after consolidation, 
chlorite, and calcite, and pyrites. 

In fine, it may be said with truth, that but for the aid which the 
microscopic examination of thin slices of this rock affords, it would 
have been impossible to have arrived at a correct judgment regarding 
its mineral composition. 
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Fic. 4.—Portion of polished surface of the porphyry, showing the arrangement of 
the orthose crystals. Nat. size. 


IV.—Gero tocy or West Gatway anp 8.W. Mayo, IRenanp. 
By G. H. Kinauan, M.R.I.A. 
(Of the Irish Branch of the Geological Survey.) 
AVING: received permission from the Director-General of the 
Geological Survey of the United Kingdom, I exhibited before 
the Geological Section of the British Association at Belfast in August 
last, the Maps and Sections of the rocks forming the hill-country of 
West Galway and 8.W. Mayo, and gave a description of the district, 
of which the following is an epitome. 

The extreme north part of the area represented im these Maps 
(Sheets 88, 84, 85, 98, 94, 95, 108, 104, 105, 113, and 114) was 
surveyed by my colleague, Mr. R. G. Symes, while the rest of it was 
examined by myself, assisted by the late Mr. Warren and Messrs. 
Wilkinson, Nolan, Leonard, and Cruise, while Mr. Baily and his 
assistants, Messrs. McHenry and Leeson, worked out the palzon- 
tology. To all the officers working under my directions I am 
indebted for the zeal they displayed, but especially to the late Mr. 
Warren, who was early and late in the field, thereby losing his life 
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in the service, as he taxed his constitution with more work than it 
could stand. During our work we received valuable aid from 
Doctors King and Melville, of Queen’s College, Galway, and Prof. 
Harkness, of Cork; also from Sir R. Griffith, Bart., the latter 
veteran geologist, on account of his universal knowledge of the 
geology of Ireland, having given us invaluable hints and suggestions. 

Prior to the work of the Survey, which took-seven years to com- 
plete, this country seems only to have been consecutively examined 
by Sir R. Griffith. This observer studied it first about the year 
1839, and detected fossiliferous unaltered rocks lying uncon- 
formably on metamorphosed rocks. The first by the fossils he knew 
to be of Upper Silurian age, while the latter he considered to 
be of the same age as the rocks in the counties of Wicklow and 
Wexford, in which Lower Silurian fossils were afterwards found. 
Subsequently this country-was traversed by the late Sir R. I. Murchison 
and Prof. Harkness, both of whom from their published accounts 
are found to consider Sir R. Griffith’s suggestions correct. The 
officers of the Geological Survey, after considerable labour, were in 
part able to confirm this opinion, as will appear from the description 
of the rocks. ~ 

The newest rocks that occur in this country are of ‘Carboniferous 
age. To the north Carboniferous Limestones occur in the neighbour- 
hood of Clew Bay, and from that they extend first eastward and 
then southward to Galway Bay, forming a boundary to the older 
rocks. Besides this large tract, small outliers of ‘Carboniferous 
rocks occur in various places, consisting of sandstones, conglome- 
rates, etc., which have been detected in various widely detached 
places, and thereby proving that the rocks of this age once covered 
the whole country ; while the flattish tops of some of the highest 
hills are portions of the bottom of the ancient Carboniferous sea. 

The next rocks in descending order are of Upper Silurian age, 
but of these there are two distinct sections in the area—one given 
by the rocks in the N.H. portion of the country, and the other by 
those to the S.W. 


South-west Section. North-east Section. 

Salrock beds. &5 
e Mweelrea beds and Tourma- 

Lough Muck beds t keady beds 
Interbedded felstones b8 Interbedded felstones 
Gowlaun beds z 
- Unconformability. 
Unconformability. ‘8. Doolough beds. 


Schist. 

The Mweelrea beds 6‘ probably in parts represent both the Salrock 
and Lough Muck beds, the lower portions of the Mweelrea beds being 
of Upper Llandovery age, while the upper part is of Ludlow, 
similar to the supposed age of the Salrock beds. They are, however, 
so very differently constituted, that they have been separated. ‘The 
difference in the rocks in these sections seems to be due to the 
country to the north-east having been dry land for a considerable time 
after the country to the south was submerged and. rocks were being 
deposited in it. After the great fissure irruption, however, when 
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the first of the sheets of felstones was poured out, all the country 
became submerged; but in the north country the accumulation 
partook more of shore depositions ; so that there conglomerates and 
sandstones are the prevailing rocks, while in the south country there 
are large thicknesses of argillaceous rocks. 

The Upper Silurian rocks lie unconformably on rocks that are 
more or less altered. To the north of the Upper Silurian rocks in 
the neighbourhood of Doolough, and near Lough Mask to the east, 
the lower rocks are only slightly mineralized, and belong to the 
rocks called by the Indian Surveyors ‘‘ Sub-metamorphic.” In some 
of these, fossils are preserved, so that we have been able to determine 
that the Doolough beds are of Lower or Cambro-Silurian age. To 
the south of the Upper Silurian rocks the lower rocks are much 
more altered, some indeed having lost all traces of their sedimentary 
character, and been changed into different varieties of granite. In 
none of these rocks, although some to the extreme south, at Letter- 
mullen, are very little altered, have we been able to detect fossils; 
yet we believe they are of Lower or Cambro-Silurian age, and that 
’ if disentangled, they would lie in a great undulatory anticlinal curve 
that sinks towards the east and rises to the west, so that only in the 
neighbourhood of the Atlantic are the lowest beds brought to the 
surface. The rocks forming this curve can be divided into groups 
that are represented in both arms of the curve, and only slightly 
differ in thickness (see Sections, page 456) :— 


North arm. South arm. 
over 6500 feet 6!! Hornblendite, talcite, and felsitite series over 2000 feet. 


Great micasite series with inliers of 
10 
about 2500 ,, 8 { hornblende-rock, ophite, steatite, etc. about 3000 


» 800 ,, 8° Lesser quartzite series ... Ha 100 ,, 
» 1600 ,, f° Lake series containing many limestones... ee) RLS! ss 
Pee o00n 1) Giumlvirddleymicasite: Serles) aqui sa\i, |-c4) yy sect 55,0 L OOO) ue, 
cy LOOO 0) BSix Greatiquartzite’series 03. 22.) |... dsetnias 600 ,, 
pyG00) 1 62 Smallimicasite series) rai. eee 1 -a) gy 100 ,, 
», 300 ,, 8% Ophiolite and dolomite semies 200 4,- 
» 1000 ,, 6 Quartzitic-micasite series sia cietenineteue chy, Ww LOO OER. 
» 400 ,, @? Streamstown Bay limestone series . qoo)! gp 400 ,, 
over 100 ,, Q! Lower micasite series ... .., ... ... over 100 ,, 
8,600 feet. - 10,300 feet. 


In the south arm more of the upper rocks 8" are seen than in the 
north arm, as in the latter place a considerable portion is covered by 
the Upper Silurian; but to the north of the latter there is a vast 
thickness of the “‘Doolough beds,” which are supposed to be the 
representatives of 8". The lower Groups £! to 83 are only positively 
known to exist in the vicinity of Streamstown Bay, a fiord from the 
Atlantic, although some of the limestones in the Owenglin Valley 
may belong to Group §?. Groups 8! to @!! are found in various 
places, but rarely in consecutive order, as, on account of the innumer- 
able faults, the same group or groups may be repeated, or one or 
more groups may be cut out. 

In this country it is evident that the metamorphism is not due to 
the granite, but that the granite is due to the metamorphic action ; 


456 


G. H. Kinahan—Geology of Parts of Galway and Mayo. 


IARCONNAUGHT. 
Sections showing the average thickness 
of the Metamorphic Rocks on the N. and 
S. of the anticlinal curve. 


Hornblendite 
and 
Talcite series. 
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Series. 


North Section. South Section. 


UPPER SILURIAN ROCKS 
Showing the difference between the South 
and North Sections. 


SALROCK anp BUNDORAGH. 
GOWLAUN. 
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and the metamorphic rocks may be divided into three groups, all of 
which graduate from one to another :— 


III. Schist Series. 
II. Gneiss Series. 
I, Granite of metamorphic origin. 


The rocks in Group I. are perfectly crystalline, and usually have 
lost all their sedimentary characteristics; but between them and the 
rocks in Group No. II. there is a regular gradation ; while Group II. 
graduates into Group III., and the latter into unaltered rock.’ Besides 
the granite of undoubted metamorphic origin, there are other granites, 
evidently intrusive, with numerous Plutonic rocks. The granites 
are of two ages, one being Pre-Llandovery but Post-Cambro-Silurian, 
and the other Post-Llandovery, and probably Pre-Wenlock. 

The Plutonic rocks can be divided into two groups—Felstones 
or siliceous, and Whinstones or basic rocks. The felstones seem 
to be of at least five different ages: First, Cambro-Silurian (?) 
age. These are all more or less metamorphosed, some into 
granitoid or even granitic rocks. Second, Pre-Llandovery age. These 
are newer than the time of the metamorphism of the Cambro- 
Silurian rocks, but older than all the Upper Silurian rocks. Third, 
Llandovery age. These are principally represented by bedded or 
interstratified basic felstones, that answer to the description of the 
rocks called eurites by Daubuisson, associated with which are tufts, 
and in places limestones, the latter containing Upper Silurian fossils 
(Llandovery). Fourth, Ludlow? age. These occur bedded in the upper 
portions of the Salrock series (Ludlow ?), and are eurites similar to 
the Llandovery eurites (No. III.). They were only found in one 
place south of Leenaun, but in the Loughnafoey district similar rocks, 
but intrusive, appear—coming up along the line of break by which 
the Salrock beds were let down against the Toormakeady con- 
glomerates. And Fifth, Post-Silurian. These may be of any newer 
age. All we can prove about them is, that they are of subsequent age 
to the Salrock beds, the newest Upper Silurians in the country. 

The whinstones, somewhat similar to the felstones, are divisible 
into ; First, Cambro-Silurian age. These are all more or less meta- 
morphosed, and the major part occur as bedded rocks. Second, Pre- 
Llandovery age. These are evidently newer than the time of the 
metamorphism of the Cambro-Silurian rocks, but appear to be older 
than all the Upper Silurian rocks. Third, Llandovery age. Bedded 
dolerites in the Toormakeady conglomerates. Fourth, Post-Silurian 
age. These rocks occur as dykes breaking up through the Salrock 
beds, but none of them were found associated with the Carboniferous 
rocks of the adjoining country. Fifth, Carboniferous age. These 
consist of dolerites similar to those that in the adjoining country 
occur associated with Carboniferous limestone. They are evidently 
newer than all the other whinstones; but they are very similar in 
aspect to the dolerites in the Toormakeady conglomerates. 


1 These gradations the author fully explained in a similar manner to that given in 
his book “ Handy Book of Rock Names” (Hardwicke), to which the reader is referred. 
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Faults and Dislocations. 


The rocks in this area are cut up and displaced by an innumerable 
series of faults and dislocations, some being Post-Glacial, while the 
oldest may be Cambro-Silurian; and on account of the numerous 
rock exposures, it is evident that all the features of the country are 
due to these shrinkage fissures, they having induced the subsequent 
denudation,—valleys, fissures, and cracks having formed in those 
places where the “fault-rock” was weak, or the ground broken by 
dislocations; while in other places, where the fault- rock was of a 
harder nature than the associated strata, portions of the dykes form 
peaks and ridges. The newest faults seem to form the most con- 
tinuous features, while in some of the older enes the displacement of 
the rocks is enermous. The latter, however, probably was not accom- 
plished at one time, but by different movements in successive ages 
along the same line. ‘This is quite evident in some places, as will be 
hereafter mentioned. 

Clifden Fault.—This is one of the most continuous faults. It is 
probably of Post-Glacial age, and can be traced from Dogsbay, three 
miles west of Roundstene, north-north-westward, through Lough 
Fadda, to the town of Clifden, and from thence into Cleggan Bay. 
This fault displaces everything except the more recent peat; but 
along portions of it there is evidence to prove four at least distinct 
movements, one of which occurred prior to the associated rocks being 
metamorphosed, as in places there are detached portions of a dyke 
of metamorphosed fault-rock. 

Doolough and Maum Valley Fault.—This fault can be traced across 
the whole country, and probably is very recent. To the N.W. it 
begins at the Atlantic Ocean, and can be traced through the valley 
ef Doolough to Killary Bay, and from that along the Maum valley, 
through the N.W. arm of Lough Corrib, and along the valley of the 
Owenwee, into the Clifden and Oughterard Valley, south of which 
its position is obscured by deep bog, but it probably extends along ~ 
a string of lakes into Galway Bay. All the faults that extend 
southward into the low granite country are more or less obscure on 
account, of deep bog, besides not making such marked features as 
elsewhere, and probably being of less magnitude. 

Loughinagh Valley Fault.—This does not extend in so straight a 
line as those previously mentioned. It seems also to split and form 
two or more lines, but the deep bog in the valley may mislead 
the observer. To the N.W., in the Kylemore Lough Valley, there 
is a marked fault that turns 8.E. into the Loughinagh Valley, where 
it seems to split into two great faults, one running §.H. and the 
other nearly due south. 

Clifden and Oughterard Valley Fault.—This occurs in the valley 
between Clifden and Oughterard. In some places it would appear to 
be very recent, and to displace all faults it comes in contact with; 
while in others it seems to be displaced. It is, however, very hard. 
to trace, on account of the deep bog and drift in the valley, the latter 
having been re-arranged during the “Esker-sea or the 350-feet beach 
period;” also that the fault in general runs nearly with the strike of 
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the rocks. In places, however, it is very prominent, shifting the 
transverse faults. ‘This and all other east and west faults are most 
important, as they cut out thick masses of the rocks; and to them are 
due some of the greatest complications in the geology of the country. 
Beginning at the west, we find the fault extending along the valley of 
the Owenglin, and bringing down on the south of it the rocks belong- 
ing to Group 6° (see sections) into juxtaposition with much lower 
beds. Hast of Waterloo Bridge to Derrylea Lough, Group (6° 
(Great quartzite) and associated rocks are on the north of the fault, 
while south of it are recks belonging to Group 8 (Ballynahinch 
series). A little east of Derrylea Lake across fault brings higher 
beds into juxtaposition with the Great quartzite series ;-.and similar 
relations occur eastward to the Benglenisky Summit Fault. Hast of 
the last fault Group 6! (Ophiolite and Dolomite series), or lower 
beds, eccur on the north of the fault, while south of it are the rocks 
of Group 8°. Farther eastward to the Lop Rock Fault, which 
extends northward from the §.W. end of Derryclare Lake, the rela- 
tions between the rocks north and south of the Clifden and Ough- 
terard fault are still more complicated. Nast of the Lop Rock Fault, 
the Clifden and Oughterard fault may split, as a considerable fault 
extends along the valley of the Derryclare Lake. This line, how- 
ever, is a downthrow to the N.W., and brings down Group §° 
against rocks of Group 8°. 

Further eastward the main east and west fault has not such a 
striking effect, as its throw is not so considerable ; for in the country 
south of Derryclare, at Lissoughter, and still farther east in the 
Corcogemore mountains, we find the rocks belonging to the different 
groups in more regular succession, and with their true dip south- 
ward. but in places the fault seems to cut out considerable portions 
of the thickness of Group £° or of one of the higher groups. 

Maumina Fault.—This fault is evidently displaced by those pre- 
viously mentioned, nevertheless it appears to be Post-glacial. To 
the 8.W. it is met with at Mannin Bay, from which it extends nearly 
E. and W. to Croaghat Lake, bemg pany shifted by the Clifden 
Foult.. At Croaghat it joims into a N.E. and 8.W. fault. From 
Croaghat it can be traced, forming a marked feature through Maum- 
inagh and Gleninagh, into the Lough Jmagh Valley, where it is 
slightly shifted by the previously mentioned fault. From this it 
runs across the hills to Leenaun on Killary Bay, up the upper portion 
of that fiord, and along the Erriff and Aille river valleys into the 
Limestone country between Ballinrobe and Castlebar. 

None of the other faults in the district seem to be so continuous, 
all being greatly shifted by more recent dislocations. Many, how- 
ever, are very important, on account of the great displacements con- 
nected with them. Near the west end of Killary Bay, at the pass of 
Salrock, a fault brings down the Salrock beds against the Doolough 
beds, and this fault can be traced eastward to Lough Mask, but not 
continuously, as it-is considerably shifted by other faults, the greatest 
shift being at the Maum Valley—the Maum Valley Fault shifting the 
eurites on the west of the fault over three miles to the 8.E. 
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Nearly parallel breaks to the south portion of the Clifden Fault 
have more or less formed the hollows now occupied by the lakes in 
the champagne country between Clifden and Roundstone, as most of 
them have their greatest length in parallel lines. This system of 
breaks, however, was associated with other systems, the most marked 
being those that range respectively N. and S., N.W. and 8.E., and 
N.E. and 8.W.; and with these different bearings, the principal long 
stretches of the lakes coincide, while every bay, creek, or gut, 
branching from one of these lake-basins was evidently origmally 
formed along one of these or some minor break. 

The north and south breaks are more conspicuous, and seem to 
occur more frequently in the country near Roundstone Bay than 
elsewhere, but in other places some were noted forming conspicuous 
features, such as the fault in the south portion of the valley of 
Lough Inagh, the fault in the pass called Maumwee between Shan- 
naunnafeola and Lackavrea, the fault of the Owenwee valley, and 
others. 

The system of breaks coinciding with the most marked valleys 
seems to be that which bears nearly N.W. and 8.H., while the prin- 
cipal ridges among the hills south of Killary Bay have a nearly 
similar trend. Other conspicuous valleys are those that run along 
the east and west breaks. 

That the bays, fiords, valleys, and hill-lines are due to the breaks 
is evident, as they occur in systems. The western portion of Killary 
Bay, and all the other submerged valleys now forming bays from 
the Atlantic, southwest of Killary Bay to Mannin Bay, have a 
general bearing of from N. 55 W. to N. 65 W., being to all intents 
and purposes parallel, this bearing also coinciding with that of the 
valley of Lough Muck on the south of the western portion of Killary 
Bay. Of E. and W. valleys we have the eastern portion of Killary 
Bay; Clifden and Oughterard valley, from the first town to Lough- 
aunerin, and farther eastward from Lough Agnaffard to Lough Corrib: 
north of the latter, and of equal length, being the S.E. portion of Maum 
Bay. Another HE. and W. feature is the valley from Cleggan Bay 
through Ballynakill Lake and harbour, and from thence through 
Kylemore Lake. A few miles further east the valley is crossed by 
high ground, but the line of break is visible, and still further east 
on it are situated the picturesque Loughnafoey and Derry Bay. 
Other E. and W. faults are also conspicuous, forming minor valleys. 
As before mentioned, the breaks are in systems of different ages, two . 
of which, at least, are older than the intrusion of the oldest granite, 
as they are cut by veins from this granite; two, at least, are newer 
than the granite, but older than the Carboniferous rocks. One is 
known to be Post-Carboniferous, but Pre-Glacial, while two or three 
are Post-Glacial. Some of the N.W. and §8.E. faults are very recent; 
these, however, in places run along lines of much older faults. The 
E. and W. faults would appear also to be very recent, but generally 
they appear to be displaced by the N.W. and 8.E. faults. Some also 
of the N.E. and S.W. faults seem to be Post-Glacial; they, however, 
are evidently displaced by the N.W. and 8.H. faults. 
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A summary of the facts collected while examining this district 
would seem to lead to the following conclusions :— 

First.—The oldest rocks, which seem to be of Cambro-Silurian age, 
were deposited and acquired a thickness of many thousand feet; and 
during their deposition, but especially while the rocks in Groups 
_ Band B" were accumulating, vulcanicity was at work,—rocks, both 
molten and in the form of tuff, being ejected from great fissures. 
The ejected materials formed extensive bed-like masses interstratified 
with the sedimentary rocks, while the portions that remained in the 
fissures now appear as dykes and intrusions among the lower beds. 

Second.—The Cambro-Silurian rocks were crumpled, contorted, 
broken up and displaced, while their mineral conditions were changed ; 
all the beds being more or less metamorphosed, some even graduat- 
ing into granite. After these rocks were metamorphosed, there were 
intrusions of other granites. 

Third.—A denudation that removed nearly all those parts of the 
Cambro-Silurian rocks that were unaltered, and a considerable portion 
of the metamorphic rocks, so that in some places the completely altered 
rocks (granite) were exposed; this is proved by the Upper Silurian 
conglomerates containing numerous blocks and fragments of the 
granite. The denudation must have been accompanied by a rising of 
the land. 

Fourth.—A depression of the land, during which the Upper 
Silurian rocks were deposited. In this epoch there is also proof of 
vulcanicity, as, interstratified with the Lough Muck and Mweelrea 
beds (b°* and 6+), there are masses of tuffs and igneous rocks, asso- 
ciated with dykes and protrusions of granite and other Ingenite rocks. 

Fifih—aAn elevation of the land accompanied by denudation. 
This must have been going on for a vast length of time, as over large 
areas all the Upper Silurian rocks were denuded away, and probably 
portions of the Cambro-Silurian and the Granite, prior to any of the 
Carboniferous rocks being deposited, as the latter rocks rest not only 
on the upturned denuded edges of the Upper Silurian rocks, but often 
overlap them, and are found deposited on the granite and other 
hypogene rocks. Moreover, it appears probable that the denudation 
of the older rocks had almost ceased in this area when the Carbon- 
iferous rocks were deposited, as in only a few places, and these of 
small thickness, do arenaceous or argillaceous rocks intervene between 
the denuded rocks and the Carboniferous Limestone. 

Sixth.—A depression of the land during the deposition of the 
Carboniferous rocks. 

Seventh.—An elevation of the land while the Carboniferous rocks 
were denuded. 

Kighth.—A vast time between the end of the Carboniferous period 
and the dawn of the Glacial, in which the events that happened are 
unrecorded. Newer rocks may have once covered the area; but if 
they did, they seem subsequently to have been removed, as no positive 
traces of them can be found in the Glacial accumulations.! 


1 In one locality, Ballycurrin, on the east of Lough Corrib, a block of fibrous 
gypsum was found in the drift. This possibly may be a record of newer formations 
than the Carboniferous. 
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Ninth.—The deposition of the Boulder-clay and Moraine drifts. 

Tenth.—TVhe “ Hsker Sea’? Period, when the waters of the sea rose 
about 350 feet higher than they are at present, during which time 
the Boulder-clay and Moraine drifts were in part denuded, forming 
sand and gravel ridges, sea-beaches and other records. of this ancient 
sea. 

_ Eleventh.—The waters sank about 250 feet, after which the 100- 
feet sea-beaches were formed. 

Twelfth—The waters sank about 75 feet, after which the 25-feet 
sea-beaches were formed. 

Thirteenth.—The waters sank at least 55 feet. 

Fourteenth.—The sea waters rose at least 55 feet, as bogs with 
“eorkers”’ or roots of trees in siét%, occur over 25 feet below the 
present sea-level. 

Fifteenth.—A probable gradual fall of the sea-level at the present 
time. 


V.—NOoTE ON THE PHONOLITE FROM THE “ Wour Rock.” 
By 8. Auuvort, F.G.S. 


N the Gronocicat Magazine, Vol. VIII. 1871, p. 247, I gavea 
short aecount of the composition and structure of a Phonolite 
which forms the mass of the Wolf Rock lying between the Land’s 
End and the Scilly Islands. The account there given has been 
noticed by Prof. Zirkel in a work recently published,’ in which he 
refers to my description of some of the crystals stated to be nephe- 
line, and suggests that they may be nosean. The passage to which 
he refers is as follows :—‘“ The grey dust filling some of the crystals 
is frequently collected together so as to form a dark or even black 
mass in the centre, the edges of which are sharply defined, and 
correspond exactly with those of the crystal. Hexagonal erystals, 
for example, exhibit a border filled with a fine grey dust, and a 
central portion occupied by a well-defined black hexagon, or there 
is sometimes a black band running parallel with, and at some 
distance from the sides.” To this 1 may now add, that some of the 
crystals and irregular grains are traversed by a number of very fine 
straight lines of a bluish-black colour, and that with a high magni- 
fying power these lines are resolved into rows of extremely minute 
dark granules similar to those forming the dust. This remarkable 
structure, combined with that previously given, is so thoroughly 
characteristic of nosean that there can be no doubt of its presence in 
the rock ; the mineralogicak composition of which is thus found to 
be in complete accordance with that of the large series examined by 
Zirkel. 
Through the kindness of Mr. Beazeley, of Penzance, I have now 
a better and more characteristic specimen of the rock than those 
previously in my possession. It is in a remarkably fresh state of 
preservation, contains numerous visible crystals of glassy felspar in 
a compact base, together with many dull blackish grains of nosean. 
1 Mikroscopische Beschaffenheit der Mineralien und Gesteine. 
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The rock is quite fissile in one direction, but in others breaks with 
difficulty, and with a rough splintery fracture. A microscopic ex- 
amination suggests, however, no further alteration in the description 
already published, and it is therefore evident that the “ Wolf Rock” 
may be regarded as a typical Phonolite composed of nepheline, 
nosean, sanidine, hornblende, and a little magnetite. 

The base, or mass of the rock, consists of small crystals of nephe- 
line and felspar, the former being most abundant, numerous small 
yellowish-green prisms of hornblende are scattered through it, 
and then there are comparatively large crystals of sanidine, nosean, 
and a few of nepheline porphyritically imbedded in the mass. As 
this is the only English Phonolite hitherto observed, it affords a 
good illustration of the value of microscopic investigations, the result 
in this instance being the discovery of a rock and two minerals not 
previously known to occur in these Islands. 

It may be observed in conclusion, that the rock does not exhibit 
the least trace of alteration in any of its constituents; and as it is 
mineralogically identical with the Tertiary phonolites, it is quite 
possible that it may belong to that period, although we have as yet 
no evidence of the extension of the great Tertiary volcanic eruptions 
to the southern end of our island. 
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I.—British ASSOCIATION FOR THE ADVANCEMENT oF SOTENCE. 
Forty-rourta Merrtine, Brnrast, August, 20th—25th, 
1874. List or Papers READ BEFORE SEction C. (Guoxogy). 


President—Professor EDWARD HULL, M.A., F.R.S., F.G.S. 


The President’s Address. 

Prof. Harkness, F. R.S.—Sketch of the Geology of the N.E. of Ireland. 

The Report of the Sub-Wealden Exploration Committee. 

&. T. Hardman, F.C.S.—On the Geological Structure of the Tyrone Coal Fields. 

Prof. A. Nicholson, M.D., D.Sc.—On a Remarkable Fragment of Silicified Wood 
from the Rocky Mountains. 

Prof. A. Nicholson, M.D., D.Sc.—Description of New Species of Cystiphyllum, 
from the Devonian Rocks of North America. 

Prof. A. Nicholson, M.D., D.Sc.—Description of Species of Alecto and Hippothoa 
from the Lower Silurian of Ohio, with a Description of Amlopora arachnoidea. 

Prof. A. Nicholson, M.D., D.Se.—Description of New folyzoa from the Lower 
and Upper Silurian Rocks of North America. 

Prof. A. Nicholson, M.D., D.Sc.—On Favistella stellata, and Favistella calicina, 
with Notes on the Affinities of Havzstella and Allied Genera. 

W. Pengelly, F.R.S.—Tenth Report of the Committee for Exploring Kent’s 
Cavern, Torquay. 

R. H. Tiddeman, F.G.S.—Report of the Committee for assisting in the Explor- 
ation of the Settle Caves (Victoria Cave). 

Sir Willoughby Fones, &.R.G.S.—(Communicated by). Notes on Cavern Explor- 
ations in the Pyrennees by M. Frossard. 

W. Chandler Roberts, &.G.S.— On the Columnar Form of Basalt. 

W. H. Baily, F.G.S.—On the Coal-measure Fossils of Ireland. 

G. H. Kinahan, F.G.S.—Geological Maps and Sections of West Galway and 
South-West Mayo, see az/é p. 453. 

W. Folly—Third Report of the Committee for Collecting Fossils from Localities 
Difficult of Access in North-Western Scotland, | 
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R. Russell, C.E., F.G.S.—The Permian Breccias of the Country near Whitehaven. 

L, C. Miall—Second Report of the Committee on Coal-measure Labyrinthodonts. 
The Classification of the Labyrinthodonts. 

HT, Willett and W. Topley—Second Report on the Sub- Wealden Exploration. 

Dr. W. B. Carpenter—F¥urther Researches on Lozo0n canadense. 

Z. Gwyn Feffreys—Note on the so-called Crag of Bridlington. 

T. Hardman—On the Age and Mode of Formation of Lough Neagh. 

ron H. W. Crosskey—Report of the Committee for Recording Information on the 
Erratic Blocks of England and Wales. 

as GOT oi Por of the Committee for Investigating Mountain Limestone 

orals. 

Prof. A. S. Herschel and G. A. Lebour—Report of the Committee for Carrying on 
Experiments on the Conducting Power for Heat of certain Rocks. 

Dr. Bryce—Report of the Committee for Observations and Records of Earthquakes 
in Scotland. 

Joseph Wright—On the Discovery of Microzoa in Irish Flints. 

kev. Dr. Grainger—On the Fossils of the Post-Tertiary Deposits of Ireland. 

Prof. Hlull—On the Progress of the Geological Survey of Ireland. 

W. A. Traill—On Geological Sections in the County Down. 

£. T, Hardman—New Localities for Upper Boulder-clay in Ireland. 

G. Langtry—On the Occurrence of the Middle Lias at Ballycastle. 

Dr. Vaughan (communicated by F. Drew)—Physics of the Internal Earth. 

Prof. F. i hompson—On the Jointed Prismatic Structure of the Giants’ Causeway. 


II.—Norrs oN THE GEOLOGY OF THE IsLAND oF YxESSO, JAPAN, FROM 
OBSERVATIONS MADE IN 1862. By W. P. Buaxr.* 


HE salient features of the geology of the Island of Yesso, Japan, 
are volcanic. Symmetrical cones, snow-capped for a great part 
of the year, are the first landmarks that greet the eyes of the mariner 
as he approaches the coast, and are the last to disappear as he leaves it 
behind. The cone of Esan, in a solfataric condition, forms the eastern 
and southern headland of the island, not far distant from the port 
of Hakodadi and from Komangadaki Mountain; another solfataric 
cone rises conspicuously upon the southern shore of Volcano Bay 
at about the same distance from Hakodadi. This last-mentioned 
mountain was in a state of violent eruption a few years ago, and 
threw out an enormous quantity of ashes, pumice, and hot water. 
Further north, beyond Volcano Bay, the beautiful cone of Shiribets 
is grouped with several others; all of them are remarkable for 
their symmetry and grandeur. Most of these volcanic mountains 
may be regarded as extinct, though many yield quantities of sulphur 
and emit steam. At an early period their activity must have been 
prodigious, for almost everywhere throughout the ‘island, or at least 
the southern portion of it, so far as explored, there is a vast deposit 
of fragments of trachyte, lava, scoriz and volcanic débris. These 
materials are generally in the form of a stratified brecciated con- 
glomerate, sometimes alternating swith finer materials, such as beds 
of sandstone and volcanic ashes. 

A coarse conglomerate of this formation is found bordering the 
island from Esan nearly to Komangadaki, and extensively upon the 
western coast, as in the neighbourhood of Iwanai. It is also found 
extensively developed in the interior. 


1 From the Transactions of the Connecticut Academy of Arts and Sciences, vol. ii. 
part 2. Read February 21, 1872. 
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Older and stratified formations appear to form the basis or founda- 
tion for the volcanic formations. , At Ota, on the west coast, granitic 
and metamorphic rocks, in well-defined outcrops, form a rugged 
coast. In the interior they form the principal watershed, and give 
rise to many rivers, in the beds of which gold is found in deposits 
which can be profitably worked. These metamorphic strata are 
uplifted, and generally trend northwest and southeast, and show 
flexure and bending exactly as in other and better known regions. 
Slates, sandstones, and limestones are found also at Esan, Shuokobi, 
and near Kakumi, and at the lead mines of Ishinowatari and Urup. 
The rocks at the two last-named places are not as much uplifted and 
metamorphosed as the granitic and auriferous rocks, but they are 
probably parts of the same series of formations. The only recog- 
nizable fossil found is apparently a fragment of a Calamite, leading 
me to suspect that the beds are of Carboniferous age; but this is by 
no means certain, and although diligent search was made no other 
evidence of the age of these formations could be found. Near Iwanai 
there are beds of good coking coal in strata that have no lithological 
resemblance to the auriferous series, but they are uplifted at a high 
angle. Fossils apparently of Cretaceous or Jurassic age are found 
in the eastern part of the island. 

The next stratified formation of interest is marine Tertiary or Post- 
tertiary, which rests unconformably upon the older stratified beds, 
and is highly charged in some places with well-preserved fossils 
scarcely distinguishable from the mollusca now existing upon the 
coasts. In these deposits, and in later terrace-like formations, there 
is abundant evidence of the comparatively recent uplift of the whole 
island, and the same evidences are found upon the island of Nipon. 

Dynamically, the formation of greatest interest is without doubt 
the volcanic conglomerate and the associated beds of finer volcanic 
materials. ‘They record the most energetic volcanic action at an early 
period before the recent uplift, for it is almost certain that the mass 
of the conglomerate was deposited under water. It seems as if there 
had been a series of violent subaqueous eruptions, perhaps at the 
time the now-existing cones began to be formed. It is most probable 
that the island has been gradually formed by the rising of these 
separate cones above the sea, thus giving at first a group of islets, 
each a volcano, similar perhaps to those which can now be seen off 
the coast and at the entrance to the Bay of Yeddo. One is repre- 
sented opposite the western coast on the Japanese maps. 
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GroLoGicaL SuRVEY oF YESSO. 


T may be news to some readers of the Gronocican Macazrne to 
I learn that there is a Geological Survey in progress in Japan ; but 
the fact is recalled by the appearance of the “ Preliminary Report on 
the First Season’s Work of the Geological Survey of Yesso,” the large 
northern island of the group, by Mr. Benjamin Smith Lyman, an 
American Mining Engineer of experience, a few years since specially 

DECADE II.—vYOL. I.—NO. X. 30 


466 Reviews—Geological Survey of Yesso, Japan. 


retained by Government to explore the petroleum grounds of India— 
a work which came to an abrupt end after Mr. Lyman’s examin- 
ation and honestly unflattering Report of the Punjab Oil Lands was 
published. 

Mr. Lyman now signs himself at Shiba, Yedo, Chief Geologist 
and Mining Engineer’ of the Geological Survey of Japan. His 
assistants are Mr. Henry 8. Munroe, a fellow-countryman; Mr. T. 
Yamauchi, Mr. H. Satow (Interpreter, etc.), Messrs. Inagaki, 
Kuwada, MWienwa, Takahashi, Kada, Saka, and Saito, with Mr. Y. 
Akiyama, and Mr. §. Ichichi, Quartermasters to the two American 
gentlemen. 

Of the whole of these, the head of the Survey reports favourably, 
and says of the eleven Japanese, that even though young and in- 
experienced, and for the most part wholly ignorant at the outset, 
not only of geology, but of surveying, drawing, and even almost of 
common arithmetic, they have been very useful, partly because they 
have eagerly and rapidly learned what they could in a very short 
time, and partly because such surveys require much work of com- 
paratively simple character. He notices the benefit to themselves 
and to the empire of the knowledge they, have gained by. their 
season’s labour, adding, “They are not only the first Japanese, but 
the first Asiatics to undertake the study and practise of geology; 
and although the training of native geologists in India has been 
begun nearly at the same time (or is soon to begin), I trust that 
ours will continue to take the lead, and that Japan will become in a 
few years independent of foreign countries in their profession.” 
This might by the author’s countrymen be called rather “tall 
talk,” after eight months’ progress from the state of ignorance 
described ; but the chief of the Survey writes, to say the least, hope- 
fully ; and we may perhaps expect to see the march of geological 
science yet aided by the writings of our precocious but distant 
Japanese brethren in these very pages. 

The Preliminary Report is little more than a pamphlet of 46 pages, 
published at Tokei by the Kaitakushi, and unaccompanied by maps 
or sections; still its printing and general neatness of production 
would compare most favourably with anything of the kind in 
Hurope or America. 

The survey of the ground itself has evidently to be topogra- 
phically made, contemporaneously with its geological exploration ; 
doubtless a great advantage. We observe, however, that Mr. Lyman 
is pursuing the system of Prof, J. Peter Lesley, of Philadelphia, 
namely, the delineation of the surface of the ground on the map by 
contour lines, and also by imaginary contours of the strata under 
ground, endeavouring to show their positions at various depths, and 
also at the outcrop. This we look upon as a mistake. In the first 
place, the system can only be applied to stratified rocks, and would 
only give approximately correct results if the bands were always 
equidistant, and the curves of the strata themselves of fixed geo- 
metrical forms. Observations made at the surface can only be taken 
for what they are worth; and even if the strata were always as 


Reviews—Geological Survey of Yesso, Japan. 467 


clearly traceable over the ground as the bands of an Agate, the 
inspection of any large highly contorted cliff section will show how 
little one can presume upon the indications of curvature near the 
surface for exact knowledge of how the strata are relatively placed 
with regard to the continuation of these curves in depth, so that it 
is too much to expect, with Mr. Lyman, that “the contours of any 
rock bed or vein may be drawn as it is under ground, and its con- 
tents above or below any given level or within any given limits 
may be calculated.” 

Again, the confusion and unsightliness of so many lines upon a 
map—the contours of the ground and those of the supposed places of 
beds below the surface crossing each other at all angles—would create 
obscurity. Cases may exist in which, the strata not being greatly 
contorted or faulted, such a map, with lines of different colour for 
contours of the ground and of the rocks, might be useful to a miner, 
but for general geological purposes such maps could never be com- 
pared with ordinary geological maps and sections. 

The geological part of the Report is interesting but scanty, though 
the district appears to contain much variety of volcanic, Tertiary, 
crystalline, and other rocks. It can be readily understood that the 
full arrangement of notes and observations could hardly be accom- 
plished for a mere Preliminary Report, but something more might 
have been expected than the classification of the series by their 
systems of disturbance and the parallelism of certain axes to the 
trend of certain coasts, the author being from one passage evidently 
well aware “that the same system of folds might affect rocks of very 
different age.” 

The following list of rock-groups is given, it is presumed in natural 
descending order::— 

Alluvium, new and old: 

Volcanic pebble rocks. 

Volcanic rocks. 

Rocks of the Horumui Karafto system of folds. 

Coal-bearing rocks or rocks of the Horumui Kuril system of folds. 

Rocks of the Horumui Karafto system of folds. 

Rocks of the Toshibets Kuril system of folds. 

In the Alluvium peat is found, and also hgnite with distinct woody 
fibre. 

The Volcanic pebble rocks. (conglomerates) are thought to rest 
conformably on the Coal-rocks at high angles. 

The still slightly active volcanos are chiefly along the shores of 
Volcano Bay and the adjacent coast. Six of them are, mentioned, 
the only recent ejections besides vapours being pumice; and one of 
the last eruptions (a small one) having taken place on the 1st of 
March, 1867. Many more of the volcanos of the island have long 
been quite extinct. 

The axes of the Toshibets group strike nearly north and south. 
At the gold-fields of the same name the rocks in some localities con- 
tain great numbers of the ‘‘tubes of tube-worms”’ (Dentalium ?) and 
“‘modern looking shells.” The rocks are soft and of recent aspect, 
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containing brown lignite. Mr. Munroe places their thickness a 
3000 feet, with reddish-brown sandstone at the base. What the 
upper portion may be is not stated. 

The Coal-bearing rocks are mostly light grey shales, with a three- 
foot bed of limestone. They are contorted, striking N. 50° KE. 
(magnetic). They seem to be Tertiary, judging from “fossil leaves in 
the shales.” A number of fossil shells found in the Horumui field 
will probably fix the point. This is the third Coal-bearing group 
(from above downwards). The coal is similar to that of the Rocky 
Mountains, of about the period of the latest Cretaceous or earliest 
Tertiary deposits. 

The Horumui Karafio System.—These bluish grey shales and con- 
glomerates, like the rocks of the Toshibets system, strike nearly 
north and south. They are 600 feet thick, seem to underlie the Coal 
rocks, and are older looking than these, as if somewhat meta- 
morphosed. The pebbles are of crystalline rocks, and are not seen 
in the overlying beds. No fossils have been found in them. An old- 
looking limestone, much cleaved and apparently metamorphosed, is 
thought to have been folded [contorted] by a later action than that 
which affected the Horumui Karafto system. 

The Toshibets Kuril System.—A syenite group, striking N.H.-S.W., 
is supposed to have furnished the pebbles of the overlying rocks. 

From the disturbances of the above rocks it is inferred that the 
strata of the island have been twice folded alternately about northerly 
and north-easterly. 

The paleontology of these rocks is a point reserved for determin- 
ation of the fossils, there being no means of accomplishing this in Japan. 

The useful miners ghia are coal, ironsand, sulphur, lime, 
stone, gold, rock-tar, mineral springs; traces of silver, lead, zinc, 
manganese, and copper. About half the Report is devoted to these. 

The Coal is a brightly shining brown coal, in six workable beds of 
3 to 8 feet, probably of Tertiary age. 

A sample examined by Mr. Munroe contained— 

Moisture ... ... » 3°8 
Volatile matter ... 39°65 


Fixed Carbon ... 52:4 : ; 
‘Ach (awatcoloun) ) 423 Coke (friable and dull, 56-7 


The magnetic ironsand on or near the coast has been apparently 
derived from the volcanic rocks. Part of it smelts easily ; part with 
difficulty, owing to the presence of titanium. It was formerly. 
worked to some extent. ie 

Sulphur occurs mostly within craters of inactive volcanos or on 
close adjoining outer slopes. The mineral is traced to the volcanic 
fumes. Its manufacture or refining consists simply in melting the 
natural accumulation three times, and straining through thick canvas, 
the production of one place being 16 tons in three months. Horses 
could go all the way to the mines, and it is thought that melting the 
sulphur upon the shore would be more advantageous than at its sites. 

The abundant exhalations at Tarumai and Esan volcanos must 
be rapidly adding to the deposits, but how rapidly ashe is no means 
of judging. 


Reports and Proceedings— 469 


At another place called Kobui the sulphur is of a grey colour and 
deposited by water. It is very pure, but irregularly accumulated. 

The limestone of dark grey and light blue colour is cleaved, 
metamorphosed, and unfossiliferous. Its quantity is stated at so 
many millions of tons. 

Gold occurs in small grains and scales in the alluvial gravel that 
borders the river of the Toshibets. This gold alluvium is in one 
place 356th miles in area, and 6 to 12 feet thick, containing, say, a 
million and a half of dollars worth. Other fields are smaller, and 
one is on mica-schist and metamorphic rocks. The total value is 
estimated under two and a half million dollars, and it is not thought 
to give much encouragement for working. 

The rock-tar comes from the Toshibets Karafto system. It is in 
soft bluish-grey shaly sandstone (Tertiary ?). ‘There are moreover 
oil wells having a small yield. 

Of mineral springs there are 21. Thirteen of them are sulphur 
springs, varying in temperature from coldness to boiling; six iron 
springs from 27° to 91°; one cold spring with copperas, and two 
nearly pure springs of 80° to 50° of heat. 

Small quantities of pyrites, calcspar, kaolin, oil-gas, and some 
‘justly abandoned”’ lead-mines are also mentioned. 

The climate of the country seems to be severe, with snow early 
in November, but the winter months give a recess season for work- 
ing out in detail the field operations of the Survey. 

From the above it will be seen that the geology of Yesso and the 
First Report of its Geological Survey abound in interest. Hence we 
may expect future details to be instructive ; and we trust the energetic 
and painstaking Chief Geologist may be enabled to bring his under- 
taking to a successful issue. W. 


REPORTS AIWND ROCHE DmNGS. 


GuoLocists’ ASsocraTion. 

J.—Excursion into NortHampronsHire.—Whit-Monday, May 
25th, 1874, and following day. Director, Samuel Sharp, Esq., F.S.A., 
EGS. 

The party, numbering about 16, was met by Mr. Sharp at Blis- 
worth Station at 10°30 a.m. Mr. Sharp at once proceeded to give an 
outline, illustrated by a diagram, of the formations in the district 
through which he proposed to act as conductor. 

Proceeding upwards from the clays of the Upper Lias, we have a series of 
beds, which, as developed in the neighbourhood of Bliswerth and Northampton, 
sometimes attain a total thickness of 80 feet. These consist in their lower portions 
of ironstones, often of great commercial value. The middle portions yield a red 
building stone, much used in, and very characteristic of, the county ; whilst the 
upper portion consists of white sands, frequently containing a plant-bed, and 
usually characterized by vertical plant-markings. This latter is designated the 
‘Lower Estuarine Series,’ the whole group being referred to the Inferior Oolite. 
Throughout the country visited, extending from Blisworth in the S.W. to 
Stamford in the N.E., points upwards of 40 miles apart, the sequence above 
detailed holds true m the main for all portions of the district. When, however, 
“we get above the Lower Estuarine bed, an important difference is observed to 
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occur. At Blisworth and Northampton, reposing immediately, and perhaps un- 
conformably, on the last-mentioned bed, occurs a bed of blue clay, containing 
wood, plants, and bands of shells, some of which are said to be fresh-water forms 
(Cyrena, etc.). A ferruginous band occurs at the base. This.clay has received 
the name of the Upper Estuarine Series. It is succeeded by about 25 feet of a 
white marly limestone, full of marine shells, above which, where the sequence is 
complete, is another clay, with abundance of Ostvea subrugulosa. These three beds, 
viz. the two clays and the intermediate limestone, are referred to the Great Oolite. 
Above all, there is frequently a capping of Boulder-clay. As we proceed north- 
eastwards, however, it 1s found that the beds called Upper and Lower Estuarine 
are no longer in contact, but that there is intercalated an Oolitic Limestone, which 
presently assumes considerable importance, and at Stamford, on the N.E. extremity 
of the district under consideration, attains to a thickness of 75 feet. 

This ‘formation last ‘referred to is called the Lincolnshire Limestone. The 
party then proceeded to inspect the Blisworth Ironstone Diggings, about one mile 
and a quarter east of the station. This quarry has a face, including the ‘‘ baring,” of 
about 30 feet. The base, or junction with the Upper Lias, was.not actually observed, 
but the Lower Estuarine is seen at the top. ‘The ironstone exists principally as a 
sesquioxide, and that portion selected by sifting is said to contain as much as 40 
per cent. of metallic iron. ' Few, if any, fossils were found by the party in ‘this 
quarry, although Mr. Sharp has obtained many—all, or nearly all, as:casts. 

About a mile further on, a quarry in the Great Oolite Limestone, extracted 
chiefly for-building, was visited. Here the party had an opportunity of observing 
about 18 feet of Boulder-clay, between which and the limestone there occurs about 
18 inches of clay referred ‘to the period of the Great Oolite. Several characteristic 
fossils were found in this quarry. 

The town of Northampton, at present containing a population of about 45,000 
inhabitants, is very favourably situated upon an angle of high ground, sloping 
rapidly towards the river Nene on the south and towards the northern branch of 
the Nene on the west. ‘The valleys of these streams are excavated in the Upper 
Lias. The bulk of the town, therefore, rests upon the sands of the Inferior Oolite, 
including under that grouping the ironstones, or their calcareous equivalents, and 
the Lower Estuarine Sands. This mass of rock, thus forming an escarpment 
of moderate slope towards the south and west, is further eaten away by denuding 
agents—on the north towards Kingsthorpe, and on the east just beyond Abington 
—to such an extent as to form a peninsula with a connecting isthmus not much 
over a quarter of a mile in width. It is a peninsula of Inferior Oolite, rising out 
of a sea of Lias. ; 

After luncheon, the party proceeded in carriages to carry out the programme 
already published. 

The first group of excavations ‘visited all lay on the north side of the town. The 
lowest of these is the Kingsthorpe Brick-pit, where the ferruginous beds of the North- 
ampton Sand are seen in contact with the Upper Lias, on which they repose. 
This is the only one of the numerous sections hereabouts where the actual contact 
was observed. There seems to be a rubbly broken bed about the junction, which 
may be a-distinet -passage-bed, or merely the disturbed upper surface of the Lias 
Clay mixing with the Northampton Sand above. Unless there is a fresh, vertical 
face at some.distance below the actual surface of the soil, the indications are more 
or less obscure. The Nursery Pit is a continuation upwards of the Northampton 
Sand of the last pit. The beds ‘here are ferruginous, but chiefly calcitic sandstones, 
largely false-bedded, and sometimes:Oolitic in texture. There are several vertical 
pipes to be observed—a phenomenon common enough in chalk-pits, but the 
peculiarity here is that the upper ferruginous beds are not attacked by the solvent, 
and consequently form a sort of bridge at the top of the pipes. No fossils were 
found in this quarry, though many hammers were brought to bear upon its layers 
of rock. 

In the Kingsthorpe sand-pit, the white sandy Lower Estuarine was observed, 
with its characteristic carbonaceous bed, from which a ‘few species of Oolitic plants 
have occasionally been obtained. A considerable:mass of compact red sandrock 
was here noticed ; this runs into loose white sand both above and below. Con- 
tinuing to ascend, the party, on the high grounds of Kingsthorpe (Moulton Park), 
again found the Great Oolite Limestone, and those who were intent upon fossils found 
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these marly cream-coloured rocks much better hunting ground than the sandy, 
irony, and calciferous beds which go to make up the Northampton Sand of the 
Inferior Oolite. Rhynchonella concinna, Modiola imbricata, Myacites calceiformis, 
Ostrea Sowerbyi, were to be picked up in abundance. Besides these, specimens of 
Clypeus Miillert, the characteristic Pinna ampla, Myopsis dilatatus (stunted speci- 
men), /socardia tenera, and several others, were obtained. Mr. Sharp pointed out 
. also a hard semi-crystalline bed, crowded with Alaria, Nerinea, Astarte, and 
other shells, but in such a matrix as to defy extraction without time and proper 
appliances. 

Descending eastwards, the Broughton Green Quarry was visited, where, as in 
the Nursery Pit previously noticed, the base of the Northampton Sand appears as 
a limestone more or less sandy, and not obviously fossiliferous. Indeed up to this 
point not a fossil had been secured by any of the party from the Northampton 
Sand as evidence of its geological horizon. At Bass Pit, however, nearer North- 
ampton, a single specimen of the very characteristic Ahynchonella cynocephala 
was secured. Yet, by watching carefully, Mr. Sharp has obtained from these pits 
and elsewhere, a large series, in species more numerous than has been obtained 
from the much more fossiliferous Great Oolite above. 

This completed the inspection on the north side of the town, through which the 
party now passed out towards the west, making a pilgrimage ez passant to the 
tomb of William Smith, ‘‘the Father of English Geology,” who, whilst journey- 
ing to a meeting of the British Association, was in this town arrested by death, 
28th August, 1839, and buried in St. Peter’s churchyard. 

The Duston Quarries presented the most imposing section of the ironstone series 
of ‘‘the Northampton Sand” visited during the excursion, having 22 feet of iron- 
stone alone. Amongst the few fossils secured were Pecten personatus and Gervillia 
Hartmanni ; but, as in all other quarries of this stone, there were very few to be 
found. Mr. Sharp’s collection, however, is so rich as to supply all that is required 
for reading the life history of the period to which these beds must be assigned. 
The majority of fossils from this place occur as casts. Judging from data thus 
supplied, there can be very little doubt that these beds belong to the Inferior 
Oolite, and to the lowest zone of that formation, as might indeed have been 
inferred from their resting immediately on the Upper Lias clay. It is not quite 
clear whether the passage or Ofadinzs beds should be included ; but as Ammonites 
Munchisone occurs tolerably high up in the ironstone, this is at least probable, and 
many other facts, such as the occurrence of Xhynchonella cynocephala, point in the 
same direction. Cardium Buckmanni, Pholadomya fidicula, Ceromya Bajociana, 
lsocardia cordata, Terebratula ovoides (T. trilineata of Young and Bird), and 
numerous species of Zzma and Cucullea, peculiar to the Inferior Oolite, all tend to 
prove the true position of the ironstone, which, indeed, could never have been 
assigned to any other formation if the extensive series of fossils obtained since the 
working of these numerous quarries had been available at an earlier period. 
Their resemblance in many respects to the ‘‘ Dogger” of North-East Yorkshire 
is most remarkable, as was some time ago pointed out to Mr. Sharp by Dr. Lycett. 
This latter fact suggests many reflections as to the original condition and sub- 
sequent metamorphism of these very singular beds. At present the bulk of the 
mass consists of a yellow friable earth, partly sandy and partly Oolitic, seamed 
in all directions by hard bands, consisting chiefly of hydrous peroxide of iron. 
This, when sifted, constitutes a considerable portion of the commercial ore, and 
contains, perhaps, somewhat under 40 per cent. of metallic iron. About 
1800 tons of it are raised weekly in the Duston Quarries. In some places there 
occurs a line of nodules of ferrous carbonate, and in the Duston Quarries a very 
striking feature is a thick band of greyish green ironstone, low down in the series, 
which is rejected on account of the quantity of phosphoric acid which it contains. 
This is, for the most part, a carbonate of iron, with, perhaps, some silicate. Such 
is a very brief outline of the present condition of the beds. That this condition 
is the result of chemical changes, occurring at more than one period in the history 
of these rocks, the traces of so many organic remains prove most conclusively. 
And here a study of the contemporary (in a geological sense) ferruginous Oolites 
of Yorkshire may help us much. Taking the Dogger Beds at Blue Wyke, we 
find an arenaceous Oolite, in which there is hardly any lime. ‘The ova there’ con- 
sists almost entirely of ferrous carbonate. It might be contended by those who 


472 Reports and Proceedings— 


are disposed to ‘‘strain at a gnat and swallow a camel” that this is a condition of 
original deposition. Fortunately there is a fine series of the shells of Mollusca in 
these beds, which have undergone a similar change, and are almost wholly con- 
verted into Spathic iron. The legitimate inference is that a salt of iron has 
replaced a salt of lime wherever the latter was present in the rock. Some are not 
satished with this explanation because they do not exactly see what has become of 
the lime. Such objectors might study the history of pseudomorphic action, as 
exhibited from the earliest times, with advantage. The source of such vast 
quantities of iron is a far more obscure question: but as the iron undoubtedly is 
there now, whether it arrived by deposition or replacement matters little. It must 
be borne in mind that most, if not all, of these Oolitic ironstones, either in York- 
shire or Northamptonshire, are overlain by porous sandy beds, which frequently 
contain considerable traces of carbonaceous matter. This probably is but a 
vestige of what once existed in the peaty beds accompanying ‘‘ Estuarine” con- 
ditions. Layer after layer of micaceous sands, rich in iron, have been permeated 
by organic acids, the products of the decomposition of these vegetable masses, 
which, attacking the mica and any such basic minerals which might be present, 
removed their more soluble constituents, and thus by perpetually exhausting the 
sands, left those bleached and partly coherent masses which so often overlie the 
ironstone beds. ‘This is probably one source of the iron; as the solution, origin- 
ating in the manner described above, and the’ ultimate decomposition of which 
would most probably result in the formation of carbonates, might possibly, in the 
presence of an excess of carbonic acid, decompose and replace any porous lime 
carbonates they might meet with in their descent. The presence of an impervious 
bed of clay at the base of such rocks would materially facilitate the operation, by 
keeping the original Oolite in a sort of bath, containing a solution of the replacing 
salt: though, of course, the hydrostatic pressure of the water would ultimately 
force the solution containing the extruded mineral to find an exit somewhere along 
the lines of least resistance ; or it might be removed by simple diffusion in cases 
where the pressure was equal on all sides. The Yorkshire Oolitic Ironstones 
remain carbonates still in many cases, probably because they have a great mass of 
rock above them. ‘Those in Northamptonshire have undergone a second chemical 
change, principally from the action of oxygenated waters; which have had the 
curious effect of producing a sort of centrifugal motion of the resulting oxide, 
which enables the owner to get rid of a good deal of foreign matter by the simple 
process of sifting. 

The last place visited was Watkins Brick-pit, where the Upper Estuarine clay 
is capped by a few feet of Great Oolite; close by is a pit of Lower Estuarine, 
separated from the Upper by a ferruginous band, not observed on this occasion. 

Mr. Sharp then conducted the party to Dallington-hall, where he and his family 
most hospitably entertained them. The rest of the evening was spent in inspecting 
Mr. Sharp’s magnificent collection of local fossils. 

On the following day, an early start was made by train for Stamford, about 40 
miles distant. The line runs due north as far as Market Harborough, through an 
undulating country, chiefly in the Upper Lias, yielding no good sections by the 
way. A sort of escarpment of the Northampton Sand flanks the route on the east, 
as far as Maidwell, where the first indications of the Lincolnshire Limestone 
appears. In this neighbourhood the country is extremely fertile and beautiful. 
All this wealth of soil must be due to the mixing of the rich clays of the Upper 
Lias with the sands and calcareous matter derived from the destruction of the 
once overlying beds. From Market Harborough to Stamford, the mean direction 
of the route was N.E.. and chiefly along the Welland Valley, which is flanked on 
the S.E. by a fine escarpment, capped by the Lincolnshire Limestone, on the edge 
of which Cottingham, Rockingham Castle, and Gretton are commandingly perched. 

At the Stamford Station, Mr. Sharp drew attention to the great dislocation 
which has occurred on the south side of the Welland Valley, and which may be 
partly traced in the railway cutting. The general effect of this dislocation is to 
divide the Inferior Oolite beds of St. Martin’s from those at the top of the hill on 
the London-road, a mass of Upper Lias being wedged in between them. This 
was also observed as the party ascended the hill towards Lord Exeter’s Ironstone 
Quarries, which were visited, as also a quarry for road metal, where the party first 
made the acquaintance of the Lincolnshire Limestone, here a pale-coloured Oolite, 
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not very fossiliferous. The Ironstone section was poor compared with some the 
party had visited during the previous day, nor does it appear that there are any 
very valuable quarries in the Northampton Iron Sand hereabouts. After luncheon 
the party drove through Stamford, which might be described as the Stone town, 
or city of Churches, and up the hill on the north to the top of Stamford Field. | 
From the level of the Welland to this plateau there is a rise of about 200 feet vertical, 
made up of the following beds in descending order :— 


‘ Cornbrash—just a cap on the summit. 
Great Great Oolite Clay—not exposed. 
Oolite. Great Oolite Limestone—base just seen. 
' Upper Estuarine Series—Torkington’s Brick-pit. 
Ms Lincolnshire Limestone—many quarries. 
Inferior ie eKaeat 
: Lower Estuarine | } 
Oolite. Tae 5 Northampton Sand. 
erruginous Beds} 


Upper Lias Clay—a few feet. 

Torkington’s Brick-pit presents an interesting section of about 25 feet—principally 
variegated clays, referred to the Great Oolite, and traced by the Geological Survey 
to the horizon of the Stonesfield Slate. It is known in Mr. Sharp’s Memoir as the 
‘‘Upper Estuarine,” is of variable composition and thickness, frequently sandy, 

and is always found in this district underlying the Great’Oolite Limestone. Several 
of the clay bands are pierced by vertical carbonaceous markings, and are also 
shelly ; some fossils were picked up, but their condition was such as to render 
them very difficult of identification. /odiola imbricata and other bivalves were 
amongst them. The brackish-water genus Cyvexa was found. ‘The last two 
excavations visited within the Stamford area, north of the town, are quarries in the 
Lincolnshire Limestone. In Simpson’s Quarry, from which is obtained some of 
the best building-stone in England, and the beds of which are geologically the 
same as those at Ketton, viz. the upper part of the Lincolnshire Limestone, the 
blocks obtained are of great size, very uniform in their composition, consisting of a 
fine-grained Oolite, and ring like a bell when struck with the hammer. Above 
the limestone, occur about 15 feet of the Upper Estuarine Clays, with a ferru- 
ginous band towards the base, as is usual. About the line of junction, there is 
often a thin band of a white friable aluminous earth, somewhat of the nature of 
Scarbroite. In Tinkler’s Quarry, still lower beds of the Lincolnshire Limestone 
are observed, including a Shale-bed, said to contain many shells, well-preserved, 
but crushed. Below this is a hard, blue-hearted Limestone, containing coral, 
Nerinea, and many other fossils—the ‘‘ Stamford marble.” Some fragments of 
coral were obtained by the party, but neither here nor in the other quarry were the 
spoils of the Lincolnshire Limestone of much consequence. One or two casts of 
Natica Leckhaneptonensis, a specimen of Lucina Wrightii, and a doubtful 77zgonza 
were about all that came under the reporter’s notice. These and adjoining quarries 
have, however, been watched for a number of years by careful palzeontologists, 
and notably by Mr. Sharp, Mr. Bentley, and Prof. Morris. It is in, their collec- 
tions, and especially in that of Mr. Sharp, thai the evidence of the geological 
horizon of the Lincolnshire Limestone must be sought. For many years there 
was a general inclination to class these important beds (the Lincolnshire Lime- 
stone) with the Great Oolite; but the National Survey has ultimately decided to 
place them at the top of the Inferior Oolite formation, of which throughout the 
county of Lincoln they form by far the most important member. Notwithstanding 
their apparent poverty of fossils in the Limestone quarries of Stamford, no less 
than 315 forms have been noted by Mr. Sharp from all parts, including the Colly- 
weston Slates, a local group at the base of the series. One of the most remarkable 
features of this extensive fauna is the scarcity of Cephalopoda, especially of 
Ammonites. Az. terebratus, Phillips (macrocephalus, Schlot., Herveyz, Sozw.), 
marked as occurring, is a characteristic Cornbrash form. Am. Mfurchinsone and 
subradiatus, however, are the two other species quoted, and these represent very 
low zones of the Inferior Oolite. 

The party now driving rapidly through Stamford, mounted the great plateau on 
the south side of the Welland, on which is situated the village of Collyweston, 
some four miles distant. 

The Slate isa sandy laminated limestone, very hard, and sometimes blue-hearted, 
lithologically it is not unlike Stonesfield slate. As the Geologists’ Association 
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had visited the latter locality at Easter, those who attended both excursions had a 
good opportunity of comparing the two. The state of the fossils (occurring chiefly 
as compressed casts) is exactly the same, and altogether there is a general external 
resemblance, which is very strikin g. Moreover, in each case, fossils are very abun- 
dant, but of a somewhat different facies. Gervillia acuta occurs plentifully in each, 
and there is likewise here a 77zgonia not unlike 7. zmpressa of Stonesfield, but 
beyond this point there is not much resemblance in their respective faunas. The 
party collected several species here, as Wizmnites velatus, Pinna cuneata, Avicula 
Lraamburensis, Ceromya sp., Cardium Buckmanni, Cucullea cancellata, Modiola 
Sowerbyana, Trigonia pullus, T. compta, and, most characteristic of all, Prerocera 
Lentleyi. Plants and some teeth and scales of fish occur ; but the formation 
appears deficient in the remains of insects, reptiles, mammals, which are the glory 
of the Stonesfield beds. After a delightful drive through Ketton, and thence along 
the Stamford Uppingham high-road to Luffenham Station, the party took the rails 
once more, and arrived at Northampton at 7 ».M. Before finally separating, the 
thanks of the excursion party were most heartily tendered to Mr. Sharp for his 
hospitality on the previous evening, and for the kindness and unwearied zeal which 
he had exhibited during two long and arduous days. 


II.—June 5, 1874.—Henry Woodward, F.R.S., President, in the 
Chair.—The following communications were read :— 

1. “On the Lower Cretaceous Beds of Folkestone.” By F. G. H. 
Price, Esq. . 

The town of Folkestone is situated upon the Folkestone-beds of 
the Upper Neocomian. These the author divides into four lithological 
groups, commencing with a sandy bed containing many phosphatic 
nodules, and which he considers to form the true division between 
the Folkestone and underlying Sandgate-beds. The Rhynchonella 
sulcata bed, an important fossiliferous zone, lies at the base of the 
latter. 

The general character of these Folkestone-beds is that of a loose 
yellowish sand, parted by seams of coarse calcareous sandstone. 
Masses of branching sponge are especially plentiful in these rocks. 
The last bed of the Folkestone series is a very remarkable one, 
consisting of four irregular seams of large nodular masses, composed 
of coarse grains of quartz, glauconite, jasper, lydian stone, and phos- 
phatic nodules. Its fossil contents occur mostly as rolled phosphatic 
casts. This is the zone of Am. mammillaris. 

Four feet of loose sands succeed, capped by a line of pyritous 
nodules ; and then occurs a seam of dark greensand, containing two 
lines of phosphatic nodules, largely charged with Am. interruptus, 
and other fossils in the form of rolled casts. Upon fragments of 
Am. interruptus occur Plicatula pectenoides, Pecten quinquecostatus, 
Trochosmilia sulcata, and Nucula sp., forms contemporaneous with 
the bed. 

The argillaceous-beds of the Lower Gault, which succeed, are 
frequently very dark in colour, and more or less parted off by lines 
of nodules, marking certain zones of life which the author had 
already described in considerable detail in a recent communication 
to the Geological Society. They are very rich in well-preserved 
fossils, one bed in particular, towards the top of the group, is full 
of Gasteropoda. With two exceptions, the ammonites belong to the 
Dentati and Tuberculati. The thickness of this sub-formation is about 
28 feet. From the grey marl or Upper Gault it is separated by a 
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nodule or passage-bed of much importance, as this nodule-bed 
marks the extinction of many of the Lower Gault forms and the 
introduction of others. 

Of 247 species, which the author had noted from the entire Gault 
of Folkestone, there occur 170 species in the Lower Gault, and 103 
in the Upper, of which 46 species are common to both, whilst 20 
species are peculiar to the passage-bed. 

The base of the Upper Gault may be known by the large quantities 
of Inoceramus sulcatus. This sub-formation is characterized by 
ammonites of the group Cristati: Brachiopoda, not found in the 
Lower Gault, recur; though Rhynchonella is still absent. ‘There 
are, in the lower beds especially, considerable traces of Chelonian 
and fish remains. The upper 50 feet consists of a pale grey marl, 
of which the portion subjected to analysis yielded 26 per cent. of 
lime carbonate. About 17 feet from the top occurs a seam of green- 
sand, containing nodular bodies, having the appearance of pyriform 
sponges. Just below this seam the Hylospongia of Sollas was found. 
A peculiar fauna characterizes these greensands. Above them Am. 
varians first appears. 

2. “On a Collection of Fossils from the Upper Greensand of 
Morden, Cambs.” By H. George Fordham, Esq., F.G.S. 


III.— Saturday, June 27th—The whole day was devoted by the 
members to a trip to St. Mary’s Cray, Well Hill,.and Shoreham, in 
Kent. On arriving at St. Mary’s Cray, the Thanet Sands and the 
lower pebbly beds in the cutting at the railway station were first 
inspected, and then the valley deposits close to the gas-works, con- 
sisting of ten or twelve feet of fine loamy brick-earth with land- 
shells and a little gravel, the chalk being seen below. Professor 
M‘Kewan Hughes, who was with the party, gave an interesting 
field lecture on the valley and its surroundings. Skid Hill, distant 
four miles, was then visited, and here Mr. Prestwich, F.R.S., who 
had walked from Shoreham, met the company, and acted as conductor 
for the day. Skid Hill, which commands good views of the long dry 
valley of the Upper Cray, is capped with flint gravel. It is a 
portion of the interesting outlier of Thanet Sand and Woolwich 
Clay, which at Well Hill—a mile further along the same elevation— 
has a still larger deposit of flint gravel, of great age and singular 
interest. Indeed, Well Hill was the central point of interest for 
the day. Have we here, in Kent, a true glacial gravel? Such was 
the question, to which, as will be seen, the leader of the party gave 
no hesitating answer. The spot where the gravel sections were 
reached is more than 600 feet above Ordnance datum. Here, over- 
lying the Woolwich beds, were large rolled flints, remarkably 
fossiliferous, in a reddish sandy matrix, without any stratification. 
A closer search, at the suggestion of Mr. Prestwich, discovered frag- 
ments of chert and ragstone. These Mr. Prestwich refers to the 
Lower Greensand beds of the Sevenoaks range, some six miles further 
south, now separated by the deep and broad valley of Holmsdale. 
The Well Hill gravel, according to Mr. Prestwich, is a solitary 
patch of marine gravel of glacial age, which once stretched over 
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Kent, and is altogether an unique geological memento in the county. 
On leaving Weil Hill, the excursionists felt they had seen the great 
sight of the day. At Shoreham the conductor pointed out some 
notable sand-pipes im the chalk by the side of the high road to 
Sevenoaks, between the eighteenth and nineteenth milestones ; a very 
fossiliferous bed of chalk with Inoceramus near the first shaft at the 
north entrance to Halstead tunnel, and a dry upper valley of the 
chalk (south branch of the Timberden Valley) with six feet thick- 
ness or more of flints, the water standing at a level below the valley 
fully 100 feet deeper than it once stood; and, lastly, the trumpet- 
mouthed valley of the Darent, opening out into the Weald, but 
draining in the opposite direction into the Thames. ‘The party, 
numbering between 40 and 50, were subsequently entertained by 
Mr. and Mrs. Prestwich at their mansion, Darent Hulme, where a 
cordial vote of thanks was presented to the conductor through Mr. 
Henry Walker and Professor Hughes. 


a uly 38rd.—Henry Woodward, F.R.S., President, in the Chair. 
1. “On the Deposits now. Bopeine in British Seas.” By G. A. 
Lebour, F.G.S8., ete. 

Tho author limited his present pele to a brief descr ptinn of the 
principal constituents of British Sea Bottoms, with particular re- 
ference to their distribution and its causes. The materials are of 
mechanical, chemical, or organic origin. The agencies by which 
these three kinds of sediment are distributed include rain, rivers, 
winds, tides, currents, and the composition of sea water, but all are 
subordinate to the configuration of the sea floor. The area under 
consideration is situated on the westernmost margin of the Old 
World plateau. 

Rock Bottoms.—In some places no deposit occurs, the bare rock 
being left. The largest of these bare spots, in British seas, occurs 
in the western half of the Channel valley. Their distribution is 
directly connected with that of currents, and this is strikingly proved 
by their being limited to no relative depth; for, in the Channel, 
their range extends entirely across the valley, and reaches in one 
place, north-west of Alderney, a depth of more than 86 fathoms at the 
deeper end of a curious longitudinal oblique depression, called by M. 
Delesse the jfosse centrale of the Channel. Another bare area exists 
at the point where the Atlantic cable enters the yet deeper region 
of the Atlantic ooze, in 500 fathoms water. The specimens brought 
up by the sounding instruments from such places consist of weathered 
and rotten stone, pointing to chemical rather than mechanical dis- 
integration, even where powerful currents are present. 

Marine Deposits.—These consist chiefly of sand, with occasional 
islands of clay, mud, gravel, and shell detritus. The broader the 
sea, the greater the proportion of sand: thus the North Sea bottom 
is especially asandy one, though towards the centre the sand beeomes 
muddy over a considerable region. Sandy bottoms also largely pre- 
vail in the north-western seas, and on the west coast of Ireland; but 
south of Ireland a large expanse of fine mud and muddy ‘sand 
extends in a south- easterly direction. As submarine deposits, gravels 
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are rare, the largest bed of this sort lying between Havre and 
Calais; they appear almost entirely confined to the Channel, and 
may in some cases be due to the degradation of marine outcrops in 
sitt, though most of them are the result of transport from our shore 
pebble-reaches. Where a clay bottom is indicated, its origin also is 
in some cases doubtful. 

Organic Deposits.—In the Channel the shell deposits attain their 
greatest development as regards British Seas. Here they follow two 
long, occasionally broken lines, following at a short distance the 
English and French shores, and forming at the outer mouth of the 
Channel a vast shell-bank. These deposits actually cross the broad 
sea valley, partly over and considerably to the west of the spread of 
bare rock previously mentioned. Hlsewhere in the Channel the 
Gallic side is richer than the English. There are other shell deposits 
around our coasts, but of less importance. Beyond the ocean valley 
which lies beyond the Hebrides and the Rock-ball reef, there occurs 
a fish bank more than three miles in length, affording us an inkling 
of the manner in which some of our fossil fish beds may originally 
have been accumulated. 

Fluvio-marine Deposits—The Thames, Seine, and Tay form mud 
banks in a sandy sea. The sub-marine delta of the former has the 
shape of a triangle, of which the apex points seawards; that of the 
Seine is also triangular in outline, but the apex points landwards. 
Such sub-marine deltas can only be recognized when the materials 
of which they consist are distinct from those forming the prevailing 
sea-bottom. 

The question of shore deposits was merely alluded to, this subject 
forming no part of the present paper. Of true chemical deposits it 
cannot be said that the comparatively shallow seas of Britain offer 
any good example. 

Although much of the above materials are at present unconsolidated, 
especially the sands, it is not probable that the larger features of the 
sea bottoms are liable to important changes, whilst the surrounding 
geographical conditions remain unaltered. The same agencies which 
Sweep certain spots bare, heap up material elsewhere, and the 
relative form of both covered and uncovered portions of the sea floor 
is preserved by them. The points of the greatest violence of current 
action are shown by the bare rock patches, whilst the intermediate 
stages of agitation are represented by coarse shingle, sandy gravel, 
sand, muddy sand, and finally patches of mud or clay supervene, 
which to a certain extent indicate centres of calm. 

2. “On some Specimens of Phosphorite from the Department of 
the Lot.” By F. W. Rudler, F.G.S. 

3. “On a Probable Solution of Mr. Charlesworth’s Problem rela- 
tive to the Boring of Sharks’ Teeth.” By H. A. Burrows. 

This perforation was connected with the existence of the foramen 
for the passage of blood vessels, opposite to which are numerous 
small holes, as observed to exist in the teeth of recent sharks. 
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MR. SCROPE’S VIEWS OF VOLCANIC HEAT.! 

Str,—My objection to Mr. Scrope’s notion of the source of volcanic 
heat, as enunciated by him in the Gronocican Macazine for August, 
page 344, viz. that “ voleanic heat is derived chiefly and directly by 
conduction or convection, or both, from that intensely heated interior 
mass of the globe,’ which he says, but erroneously, is necessary to 
my views, is not so easily sef aside as Mr. Scrope would have to be 
believed by the above article. My objection is that this vague 
notion involves in reality a thin crust and liquid nucleus which Mr, 
‘Scrope professes to repudiate, and he rejoins that, with unpardonable 
ignorance, I have assumed that the liquefied matter filling his reser- 
voirs and the material of the nucleus have the same melting point. 

My objection does not involve any such assumption, and is equally 
valid, though the melting point of the nucleus be assumed much 
above that of the matter filling these reservoirs. What does Mr. 
Secrope know of the material constituting the deeper portions of our 
globe or of their fusibility. The only ground for conjecture even as 
to the latter is derivable from protruded granites, porphyries, elvans, 
traps, or other ancient fissure-extruded matter, none of which differ 
greatly in fusibility from modern lavas. But if we assume argumenti 
gratia that the material of the nucleus at a still greater depth than is 
indicated by these is fusible only at a temperature twice or thrice 
that of fused lava, the physical conditions under which alone heat 
could be conducted from the nucleus to one of these reservoirs 
through some hundreds of miles of intervening rocky matter, are 
sufficient to prove that if the lava in the reservoir be thus brought 
into fusion, the temperature of the nucleus must be so vastly higher 
that its material, if like anything we are acquainted with, must be in 
fusion likewise. Is Mr. Scrope aware that, apart from all question 
of imperfect conductivity, matter heated by conduction from the 
central parts of a globe decreases in temperature faster than the in- 
verse square of the radial distance from the centre? If the heat be 
transmitted by convection or in vapour, there must be liquid or 
gaseous connexion between the nucleus and the reservoir, for with- 
out such, convection is impossible. Thus two of Mr. Scrope’s alter- 
natives directly involve fluidity in the nucleus; solids do not pass 
into the state of vapour except through the intermediate stage of 
liquidity. Thus I reiterate that this notion of reservoirs of matter 
- melted by heat:transferred from more highly heated matter, situated at 

a much greater depth, by conduction or by convection through gaseous 
or liquid matter, or by both, is only the old notion of a thin crust 
and liquid nucleus in disguise, and if that be, so cadit questio as to 
my having misrepresented Mr. Scrope’s views. His views are by 
his own statement (Guo. Mac. May, page 237-8) entirely different 
from mine, and it is wholly unimportant to my views what his may 
be. I have already declined, for want of definition, further dis- 


1 This letter is inserted at Mr. R. Mallet’s earnest request. But it is hoped that 
the discussion will now be allowed to terminate-—Epir. Grou. Mae. 
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cussion as to the nature and origin of volcanic heat. I now decline 
further discussion as to the charge of misrepresentation. I can 
afford to leave that, as well as the truth of my own views, to “ time, 
the revealer.” 

Lonpon, 24th August, 1874. Rospert Mauer. 


ON THE ANTIQUITY OF THE WORKED FLINT FROM THE BRICK- 
EARTH OF CRAYFORD. 


IT am not surprised that a doubt should be thrown upon the an- 
tiquity of the worked flint, which I found at Crayford in 1872.' It 
usually happens so when anything unexpected is discovered. It 
appears to me, however, that there is but one escape from the ad- 
mission that the implement is as old as the Thames valley brick- 
earth, and that is to show that the entire deposit at Slades-green pit 
at Crayford is re-assorted. The lines of bedding there are continuous 
along the pit, and it was from one of these, about twelve feet from 
the surface and six from the floor of the pit, that the flake was ex- 
tracted. It was a layer of rounded pebbles, about five inches deep, 
lying below the band with Cyrena trigonula, and above the bone bed. 

I was struck by seeing the edge of a flat piece of flint protruding 
from a layer of rounded pebbles, and therefore picked it out and found 
it to be a “scraper.” I instantly called Mr. Dawkins’s attention to it, 
and pointed out the hole I had made in extracting it. He said, 
«Show it to Mr. Evans.” I did so the next day, and Mr. Evans 
pronounced it undoubtedly a worked flint. In the note (p. 391) 
where this find is referred to, Mr. Woodward also quotes Mr. Boyd 
Dawkins’s published mention of it, and then adds: “These may, 
however, and probably did, belong to a later date,” ete. I do not 
understand why he says “these,” for only one was found. 


O. FisuEr. 


GYROGONITES, ETC., IN THE LONDON CLAY. 


Srr,—Believing that Gyrogonites (fossil seed-vessels of Chara) 
have not been hitherto noticed in the London Clay, I beg to mention 
that Mr. Joseph Wright, F.G.S., of Belfast, has lately favoured me 
with some specimens found in the London Clay of Copenhagen 
Fields, Islington, by Mr. John Purdue, when the Great Northern 
Railway cuttings were being made. These Gyrogonites, obtained 
by washing the clay, were associated with thousands of Foraminifera 
and many Hntomostraca (see Geologist, vol. vil. p. 85; Monogr. Tert. 
Entom., Pal. Soc. p. viii). They are referable to two species: one 
is’ dark brown, ovoidal, and like Chara helicteres, Brongniart, as 
figured in the Memoirs Geol. Surv. Gt. Britain, Isle of Wight, etc., 
1856, pl. 7, figs. 3, 4, but relatively longer; the other is light 
brown, spherical, and like Chara Lyellit, ibid. fig. 7, but rather more 
globular. There are five or six specimens of each species. 

From the same source, and by the kindness also of Mr. Wright, 
I have Cythere plicata, Minster, to add to the known fauna of the 
London Clay. 

September 25, 1874. T. Rupert Jones, 

1 Grou. Maa. Dec. 11. Vol. I. p. 391. 
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NEW LOCALITY FOR LEALA. 

Srr,—Mr. J. W. Kirkby, of Pirnie Colliery, near Leven, Fife, has 
kindly sent me a piece of ironstone, containing casts of two valves 
(perhaps a pair) of Zeaia (spec. indet.), from the spoil of an old 
ironstone pit, north of Wemyss, Fifeshire, and informs me that its 
geological position is in the lower part of the Coal-measures. This, 
then, is a new locality for the interesting genus Leaia. See Guou. 
Mage., Vol. VII. p. 219; and Vol. VIII. p. 98. 

September 22, 1874. T. Rupert JONES. 


‘ RHATIC BEDS NEAR NEWARK. 

Str,—In the Gronoeican Macazrne for July, 1874 (p. 318), the 
Rey. A. Irving points out the occurrence of the Rhetic beds at 
Newark, and makes a few remarks upon the White Lias, which is 
not seen in siti, although what appear to be fragments of it are 
found in the soil above." 

While engaged in the spring-time of last year in tracing out the 
Rheetic beds near Newark, I was (owing to the absence of sections) 
for some time at a loss to fix the boundary line between these beds 
and the Lower Lias above. The lower members of the Rhetic beds, 
as Mr. Irving describes them, are well shown in the plaster-pits 
above Newark, and consist of the black paper-shales and greenish- 
yellow marls, resting upon the red and mottled gypseous marls of 
the Keuper. 

An examination in company with my colleague Mr. W. H. 
Holloway, of the excellent section near Barrow-on-Soar, showed 
that above the black shales there was a considerable thickness of 
apparently unfossiliferous grey earthy marl, capped by a hard bed, 
which I took to represent the upper limit of the. Rheetic formation. 
Above it the ordinary Lower Lias limestones and clays come on. 

Subsequently Mr. Holloway and myself had a Lias quarry on the 
Coddington road, near Newark, deepened, and at the base of the 
Lower Lias series there was exposed a hard compact homogeneous 
limestone, in texture not unlike the “Sun-bed” of the West of 
England. This bed was much water-worn, and owing to the action 
of the water sustained by clayey beds beneath it: such was its 
power, indeed, that the bed was worn into fantastic shapes, well 
Justifying the quarrymen’s term of “Flints.” This bed of “Flints” 
is no doubt homotaxeous with the hard bed in the Barrow section, 
and the clayey beds beneath may similarly be identified with the 
earthy marls of the same section, although in the Newark country 


the rarity of pits and exposures and the great deposits of drift pre- 


clude its being observed. 

The total thickness of the Rhetic beds at Newark, according to 
measurements and estimates by Mr. Holloway and myself, is about, 
50 feet. Further details on the subject, however, must be reserved | 


for the Survey publications. 
Mount Preasant, Newton Axzor, - Horace B. Woopwagp. 
23rd September, 1874. 
1 Mr. F. M. Burton has noticed the similar occurrence of fragments of White 
Lias in the section at Lea, near Gainsborough (Quart. Journ. Geol. Soc. 1867, p. 315). 
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J.—A Ramee across THE Menpip Hints. 
By Horace B. Woopwarp, F.G.S. 


i\\ ANY of those interested in geology are by time generally for- 
/{_ )idden, and perhaps by inclination equally restricted from the 
investigation of details on a holiday trip. Nor need this be regretted, 
for the greatest pleasure in science is not always to be gained by the 
examination of details, but rather in the contemplation of results 
derived from such an examination. 

Actuated with this idea, I propose taking my readers on a trip 
across the Mendip Hills, and to point out some of the many scenes 
of geological interest and also of beauty to be met with on the way. 
Somersetshire abounds with beautiful scenery, and is noted as much 
for its great variety in this respect, as for the number of geological 
formations represented in it; and which combine to form its cliffs 
and ravines, its escarpments, table-lands and broad fertile vales. To 
those who are satisfied with the moderate elevation of a thousand or 
fifteen hundred feet, a few weeks in the “pleasant country” of 
Somerset will furnish many a delightful ramble. 

We shall make our first journey to Bath, which by a fast train 
from London is reached in about three hours. It is a town well cal- 
culated to charm, from its beautiful situation and well-built stone 
houses, while its fine old Abbey Church furnishes a grand example 
of the Perpendicular style of architecture. The mineral waters of 
course are the principal attraction—to them Bath owes its origin. 
When the Romans first came to the spot, as Sir Charles Lyell tells 
us, it was lonely and desert, there was no doubt a large morass from 
which clouds of white vapour arose; but the invaders soon found 
out the sanitary properties of the water, and built their spacious 
bath-room in a highly ornamental style of architecture, decorated 
with columns, pilasters, and tessellated pavements, remains of which 
have been discovered during modern excavations. One thing that 
will strike you is, Whence come these waters? They are the hottest 
in England, their average temperature being about 120° Fahr., and 
they contain several salts, such as lime, soda, and magnesia. No 
doubt they rise from a great depth, and Sir Charles Lyell is of 
opinion that they mark the site of some great convulsion and 

DECADE I1.—vVOL. I.—NO. XI. él 


482 Horace B. Woodward—A Ramble Across the Mendips. 


fracture, which took place in the crust of the earth at some former 
period — perhaps not a very remote one, geologically speaking — so 
that they may be looked upon as a sort of volcanic eruption. al- 
though unaccompanied by the ejection of lava and ashes, which 
render active volcanos such undesirable neighbours. 

We must not omit to have a look at the Museum of the Bath 
Literary Institution, where a grand series of fossils has been de- 
posited by Mr. Charles Moore, F.G.S. On the walls we see speci- 
mens of those large reptiles which flourished in the Liassic period : 
the Ichthyosaurus and the long-necked Plesiosaurus, forms which 
you may see restored in the gardens of the Crystal Palace, and whose 
fossil remains have been found in such abundance in the famous 
quarries at Street, near Glastonbury. The collection is particularly 
interesting, as being mainly a local one, and most of the specimens 
were obtained by Mr. Moore himself. Not the least interesting is a 
tray containing about 70,000 minute fish remains, collected from a 
vein in the Mountain Limestone at Holwell, near Frome; also the 
cuttle-bones from the Upper Lias near Ilminster, with the ink-bags 
which still retain the remains of their once fluid ink (sepia)." 

Leaving Bath, we will proceed along the Upper Bristol-road, 
which leads to New Bridge, taking a last peep at the grand river- 
valley, which, higher up, between Bathampton and Freshford, is 
very picturesque; where the hill-sides are well-wooded, and here 
and there studded with fir-trees. The Great Oolite, or Bath stone, 
is quarried on the summits of these hills ;—the excavations would well 
repay a visit—the stone is often regularly mined, and it is easily 
worked out, as it is comparatively soft before it is exposed to the 
atmosphere, when it hardens and forms capital building stone. 
When we examine it closely, we find it composed of a number of 
small round grains, like the roe of a fish; whence originated its 
name of Oolite, or roe-stone. In the valley we find patches of 
gravel; these have yielded the remains of animals which, in com- 
paratively recent times, inhabited the country; such as the elephant, 
rhinoceros, wild boar, and musk ox or arctic buffalo. 

Gravel has been dug in the park opposite the Royal Crescent, and 
there a fine tusk of the mammoth, or elephant, was noticed not long 
ago by the Rey. H. H. Winwood, F.G.8. . 

In the cutting near the Weston station, on the new Midland Rail- 
way, we find a very interesting section of the Lower Lias lime- 
stones ; and beneath them, of the White Lias (Rheetic beds), contain- 
ing at its base the well-known Cotham, or Landscape marble, of 
which polished slabs are so often seen on our mantel-pieces. 

After crossing the river near Twerton, we come soon upon some 
Lias quarries which yield famous Ammonites, a foot and eighteen 
inches in diameter. This species is named after Dr. Buckland, of 
whom it is told, that having one day obtained a large specimen 
which had lost its inner whorls, he placed it over his head and 


1 In the Museum of the Geological Society of London there is a painting executed 
in fossil sepia. 
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shoulders, and so rode home, dubbed by his friends the “ Ammon 
Knight.” ! 

There also is a coal-mine; but as we are going to look at those at 
Radstock, we shall not delay here, but push on now through Marks- 
bury, with Stantonbury Hill Camp on our left. Near here are traces 
of the Wansdyke, which is considered to have been the last frontier 
boundary, or line of protection, of the Belge, as they drove tbe 
ancient Britons northwards; and the numerous old camps speak of 
the hard struggles between these tribes and the Romans who 
followed. 

Thence we pass over a gentle hilly country, which has a certain 
sameness about it, to Radstock. This may be said to be the 
capital of the Somerset Coal-field, although it is a miserable little 
town. One of the most striking features in the neighbourhood is the 
number and size of the coal tips, the heaps of shale and grit brought 
up from the mines and tipped at the mouth. They form large hills, 
and quite alter the appearance of the country around Radstock, 
Camerton, Timsbury, and Paulton. The reason why the mines are 
usually commenced some little way up the hills is to allow for these 
tips. Wishing to go down one of the mines in company with a 
friend, we arranged with the steward, or overseer of the men who 
worked in the mine, and then awaited our turn to descend the shaft 
into the lower regions. It was a busy scene above ground, the coal 
being brought up and carried away in little trucks, to be transferred 
to the railway waggons close at hand, or to be conveyed away in carts 
to neighbouring towns. Boys and men were hard at work perform- 
ing various duties, some at the engine-house, where a stationary 
engine was placed to draw up and let down the little trucks that 
carried the coal out of the mine. In some of the mines changes of 
clothes are provided for visitors. J inquired of a coal-miner as to 
this, whereupon he took off his old cap and offered it to me. Under 
the circumstances, I preferred adhering to my own. 

When all was ready, we got into a sort of iron cage with a lot of 
men. ‘ Keep still, and don’t put your arms out,” were the words 
of caution given, and down we went some seven hundred feet with 
a swift but steady movement into the mine. We felt the air at 
once close and oppressive. When at the bottom, we were provided 
with candles, as in the Radstock mines there is no danger from 
“ fire-damp.” Our guide proceeded with a flaring oil-lamp, leaving 
behind it an odour that was anything but refreshing. We walked 
cautiously along a tramway, having every now and then to stand up 
close to allow a truck to pass, which was pulled along by a wire 
rope, and we had to be very wary of this rope, which lay along our 
track ready to be pulled away at a swift pace at any moment. 
Further in the mine the way got shallower, and we had to stoop; 
horses were employed in drawing the trucks, and galloped along 
attended by small boys. The passages which at first were bricked 
up were now supported by beams of wood, for as the coal is worked 


1 See Notes on a Geological Excursion to Bath, by Prof. Morris, Grou. Maa., 
Vol. V. p. 234. 
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out, so they have to continue supporting the roof by stout blocks of 
wood, lest the whole series above should give way. As we went 
further into the mine, passages branched out in all directions, so that 
a stranger might easily lose himself in it; the way got still 
shallower, and we had to stoop more; “heads” was frequently 
called, as a thick beam projected from the roof, and we had to bend 
down very low; ponies were employed, as horses could not enter, 
and the poor animals got many a knock on the head, and grazed 
their backs, which all the time had a “close shave” with the roof. 
At last we got to the place where the men were at work, and we 
had to crawl into a hole to see them. They were lying on their 
sides, not too profusely clothed, and pecked away at the coal, which 
was shovelled into a truck by another man, and drawn away by a 
pony in charge of a boy. The men carried their candles in little 
tin holders attached to their caps. After all, there is very little to 
be seen in a coal-mine, there is so much coal-dust concealing and 
coating everything; while the closeness of the atmosphere, and 
having to stoop the greater part of the time, render the change, 
when you reach the exterior and are in fresh air again, a truly 
grateful one. 

The veins worked at Radstock are very thin, the thickest being 
two feet four inches ; to the south in the Vobster series there is a 
vein of shaly coal eight feet in thickness; these are very small 
compared to the seams in the North of England, where in the 
Dudley Coal-field there is one thirty feet in thickness! The coal is 
mostly adapted for household purposes, and is largely burnt in the 
Western Counties, but it is not very first-rate, as it leaves a great 
deal of ash. 

Although the Radstock Mines are free from fire-damp, this is not 
the case with some at Newbury, Vobster, and Edford, nearer to the 
Mendips, where the seams are much disturbed. Some fiery veins 
occur at these places, and some explosions have taken place, so that 
it is necessary to use the Davy lamp. The depth of the mines 
varies; that at Braysdown near Radstock, 580 yards, is the deepest. 

If you spend a short time in examining the heaps of shale thrown 
out from the mines, you may find many ferns and other plant- 
remains for which the Radstock district is noted, particularly those 
called Pecopteris, Neuropteris, Calamites, Lepidodendron, Sigillaria, 
and Asterophyllites, also perhaps a few bivalved Mollusca or Crus- 
tacea, which tcll us of the life which existed during the Coal-period. 
We must go a very long way back in time to restore the physical 
geography of the area during the formation of the coal. We must 
picture part of a land-locked sea into which several rivers flowed, 
bringing sedimentary matter, sand and mud, and depositing it at the 
sea-bottom. The water could not be very deep, for soon either the 
increase of sediment or a slight elevation produced a land area upon 
which grew a luxuriant vegetation, which in process of time was 
submerged, and covered up by fresh sedimentary material. This 
buried mass of vegetation is now our coal. The coal occurs 
in seams, alternating with shale, clay, and sandstone, showing 
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that there was a constant change of conditions from a land area 
producing vegetation, to a water area allowing the deposition of 
sediment; such a repetition brought about the series of rocks we 
now call the Coal-measures, and which in Somersetshire attains a 
thickness of about 8000 feet.! In this great thickness of shales and 
sandstones there is only about 100 feet of coal. It has been worked 
with more or less activity for the last four hundred years, and yet 
at the present rate of working it is calculated that we have enough 
to last two or three thousand years, and the total amount available 
to the depth of 4000 feet in the Bristol and Somerset coal-fields is 
estimated by the Coal Commissioners as equal to a supply for 4219 
years. This refers only to the West of England. Taking the 
whole of the British coal-fields into account, the supply is con- 
sidered as only equal to about three centuries. here is still plenty 
to last us, although we have to pay rather dearly for it now. 

Leaving Radstock, we may proceed to Chewton Mendip, which is 
pleasantly situated on the borders of the Mendip Hills. The walks 
in the neighbourhood are pretty and varied—to the east are many 
combes in the Mountain Limestone, while to the west we find a flat 
of Lias, and at Emborrow a picturesque little lake bordered by wood- 
land, which is situated in the oldest rocks of the Mendips—the Old 
Red Sandstone and the shales above it. In the walls near Chewton 
Mendip we find many ferns, the Brittle bladder fern (Cystopteris 
fragilis), the Ceterach, the Black spleenwort (Asplenium adiantum- , 
nigrum), the Wall-rue (Asplenium Ruta-muraria), Maiden-hair 
(Asplenium trichomanes), and other common ferns. 

In taking the road which winds its way gradually up-hill to 
Priddy by Egar Hill, we have a first peep over the wild-looking 
country of the Mendips. Near Tar Hall we find some old lead- 
washings, then the road is bounded on the right by a picturesque 
wood, and above the hill on the left an open barren land stretches | 
away for some distance. At the cross roads by Egar Hill all looks. 
bleak and barren, and here we find ourselves getting into a country 
which has been largely worked for metals. The whole surface of 
the ground about this neighbourhood has been dug and quarried. 
We cannot see very much now, but there are indications that here 
and there a mineral vein was followed. 

Near Priddy are some groups of barrows, or sepulchral mounds, 
one of nine, the other of eight, in number. They usually contain a 
small circular hole filled with burnt bones, cinerary urns, and some- 
times also beads. 

At Stoney Littleton, near Radstock, a barrow was opened some 
years ago. It was 107 feet long, 54 feet wide, and 13 feet high; and 
was found to contain a long gallery, with chambers on each side, 
whose walls were built of thin layers and slabs of stone without 
cement, forming in fact regular Cromlechs. Although it had been 
previously disturbed, one of the recesses contained an earthen 
vessel containing burnt bones. The mound or barrow was formed, 
not as usual of fine mould, but of small stones, probably a rubble of 
Inferior Oolite. 

1 See Lecture on Coal by A. H. Green. 
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Mr. Thomas Wright, F.$.A., remarks that the only monuments to 
which people in a rude state of civilization seem to have been anxious 
to give durability were their graves, and in the greater number of 
cases the barrows and cromlechs were placed on lofty hills, com- 
manding extensive views of the sea, if on the coast; or when inland, 
of the surrounding country, as it seemed to have been the desire of 
the chiefs to be buried in such commanding positions. 

At Stanton Drew some interesting Druidical circles are to be seen 
in fields to the east and south of the church. There are traces of 
three circles, indicated by huge stones, the largest is about nine feet 
in height, and the largest circle, or rather ellipse, measures 126 
yards by 115 yards; fourteen stones remain in it. 

The Mendip mines have been worked from very early times. The 
district was occupied by the Belge, and, subsequently the Romans, 
probably tempted by the rich mines, made it one of their first points 
of occupation. In the time of Edward IV. it is said that these mines 
furnished employment to 10,000 miners, and the immense deposits 
of slags and slimes indicate the extent of the workings. Galena 
(sulphide of lead) and Calamine (carbonate of zinc) are the ores 
which have been principally worked. There is a good deal of iron- 
ore also. A common way of discovering a lode or mineral vein was 
to dig a trench until one was met with. Another plan, and one that, 
strange to say, even now appears to be practised, was to use the 
divining-rod. This consisted of a forked hazel twig, which we are 
told “if properly held by a person with whom it will answer,” will 
indicate any metal, -coal, or a spring of water! The virtue of 
divining is confined also to few persons. The receipt is, ‘“‘Go toa 
hedge, and cut from it a forked twig of hazel or white thorn, of one 
or two years’ growth, cut off the small sprouts, then place the end 
of each fork between the second and third fingers of each hand, and 
apply your hands closely to each side of the body, just below the 
short ribs; keep the rod in a horizontal position, and walk slowly 
over the ground. If you possess the power, when you arrive over 
the hidden object of search, the fork will either be repelled with 
force back against the chest, or attracted downwards to the earth.” 
It is strange, indeed, that such superstition should even now invest 
the minds of some people! 

Leaving the Priddy mines, we proceed northwards by the “ Castle 
of Comfort” (not at all a comforting old inn), and turn off from the 
main road down Lamb’s Bottom, a narrow defile formed in the 
Mountain Limestone, which juts out from the cliffs in bosses and 
peaks with now and then a hollow with a clear spring gushing out, 
and beautiful specimens of Cystopteris, wall-rue, ceterach, common 
Maiden-hair, and other ferns lining the interior of the miniature 
cavern. There was formerly a large cavern accessible by a shaft 
seventy fathoms deep; several large vaults were thus reached which 
contained many stalactites. Nothing is now to be seen or heard of 
this cavern. The scenery in this neighbourhood reminds one of 
many parts of Cornwall, especially near the Cheesewring, where the 
summit of the hills is wild and open, with scarcely a house in view, 


Horace B. Woodward—A Ramble Across the Mendips. 487 


and one or two chimneys of lead-mines are seen in the distance. A 
barren country it is, covered with short dry grass, few trees, and 
with the rocks cropping out here and there at the surface. 

The Mendips are largely devoted to sheep-walks. Billingsley 
speaks of the breed as a sort that will thrive on the poorest soil, and 
fatten on such land as will scarcely keep other sorts alive. 

Turning towards Hast Harptree we come to Noah’s Ark, or rather 
an old house so called. Above this point are some more lead works, 
and here, among the old refuse heaps, we found, besides bits of 
galena, some interesting old pipes, some of the earliest forms (17th 
century), with small bowls, and the initials of the maker stamped 
on the nob projecting from beneath the bowl. We follow the stream 
from Noah’s Ark along a narrow rocky gorge called Haydon’s 
Gully, wooded on its summits. The rock here is the Dolomitic 
Conglomerate, a pebbly deposit, in fact an old sea-beach cemented 
together with iron and lime and magnesia. 

Reaching West Harptree and taking the road which skirts the 
Mendip Hills, which are here thickly planted with trees, we pass 
through the little villages of Compton Martin, Ubley, and Blagdon ; 
thence we plunge down-hill between wooded heights to Burrington. 

Burrington Combe, which runs up the Mountain Limestone south 
of the village, is a romantic walk: the steep craggy cliffs among 
which the road winds give a wild appearance to the scene. There 
is a cavern here which has yielded many remains of the old animals 
which have elsewhere been found in the gravels, and which formerly 
inhabited the country. 

Leaving Burrington, we push on to Churchill, where a rare 
mineral called Mendipite (an oxy-chloride of lead) has been found : 
we were not so fortunate as to obtain any specimens of it. Above 
this is Dolberry, another old camp. Mr. Ussher and myself found 
a few flint flakes there, and our friend Mr. A. Gillett has found some 
flint arrow-heads. He showed us some also from the hill above 
Bathford. 

I well remember a journey I took from Bristol to Cheddar 
before the railway was made, when I passed along this road by 
Dolberry. I tried the carrier. The distance by the road is not 
quite twenty miles; we started at one o’clock in the afternoon, and 
reached our destination a little after nine. It would have been a 
delightful ride, its very slowness would have enabled one to enjoy 
the beautiful scenery, had not the scenes where we dwelt longest 
been the little road-side beer-houses. After crossing the table-land 
of Broadfield Down, with the famous Cleeve and Brockley Combes 
to the right, and the fine old church of Wrington at the foot of the 
hill, we crossed the vale of red marl, and then entered the Mendip 
Hills at a gap between Dolberry Camp and Sandford Hill. The 
road winds up a stiff hill with the high ground on either side, and a 
ravine on one side separating it from Dolberry. The wind then, it 
was towards the end of November, swept with great force down 
this gorge. 

A few miles to the right is Banwell, celebrated for its caves— 
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the largest is, I believe, not shown to visitors. I went over one, 
but there was very little to see in it, no stalactites, and merely piles 
of old bones, which had been collected together by Mr. Beard. 

To the left are the villages of Rowberrow and Shipham, where 
some of the most active lead and zine workings have been carried 
on. About a century ago there were upwards of a hundred mines 
being worked at Shipham ; many of these, it is said, were in the 
street, some in the yards, and a few even in the houses! Most of 
the zinc has been worked out, and, indeed, all over the Mendip 
Hills the surface has been tolerably well explored. It remains to be 
proved whether deeper mining will be profitable. 

Let us now gain the summit of the hill, between Shutshelve and 
Wavering Down, and have a peep over the country to the south of 
the Mendips, a broad tract of Alluvium and moor-land for some 
distance, but very diversified further south, and with plenty to 
interest one. 

It is worth while ascending to the summit of Crook Peak or Black- 
down, which is the highest point of the Mendips, about 1092 feet, in 
order to obtain the splendid view over the country which they afford. 
To the north Dundry Hill and the Oolitic escarpment near Bath 
bound the view ; to the west we peep over the Bristol Channel, and 
we can just distinguish the dim outline of the Glamorganshire coast ; 
while southwards we overlook the plains of Sedgemoor, with the 
conical Tor of Glastonbury, and the equally conspicuous Knoll of 
Brent. In the distance across Bridgewater Bay we may see the 
Quantock Hills, and further east the outline of the Black Down hills 
of Devonshire. 

Here we descend the hills, and skirt along their base through the 
little market town of Axbridge to Cheddar, and then make our way 
towards the cliffs, which look like a great rent in the Mendip range. 
The best way to view the cliffs is to drive from Wells by way of 
Priddy, and then to enter them gradually from their weakest point 
on the summit of the hills; thence they become grander and grander, 
until they abruptly terminate, and we enter upon the moors. As 
we proceed along the carriage road, which winds along the gorge, 
we find the cliffs on our left far more abrupt than those on our right, 
which rise more gradually, and are often obscured by a great talus 
of fallen fragments. On the left the cliffs are very grand, and impo- 
sing. The “ Wind Rock” is 480 feet, and the “ High Rock” 345 
feet. They are often perpendicular, and even overhanging, now 
appearing like “bold pinnacles,” then as “shattered battlements,” 
with here and there a yew tree, and the bare rocks, diversified in 
many places by shrubs and mantles of ivy. In winter time the 
path is rendered very dangerous from the masses of rock which fre- 
quently fall into the road, dislodged by the action of frost. 

These cliffs are no doubt formed by the agency of rain and 
streams, with both chemical and mechanical action. The dip of the 
limestone, which is on the abrupt side away from the cliffs, and on 
the opposite sloping side towards them, has no doubt greatly in- 
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fluenced their formation, as in the one case it would exercise a con- 
servative agency, and in the other assist the removal of the strata.’ 

Leaving Cheddar, we pass near to Draycot, a village famous for its 
stone, the Dolomitic Conglomerate, which is now largely used in 
building (as in the railway arches of the Cheddar valley line), also 
for gate posts, etc. We here pass remnants of the old forest of 
Mendip, which in ancient times was well stocked with deer. 

Somersetshire at one time had four other great forests—that of 
Selwood, near Frome; Neroche, near Ilminster; North Petherton, 
near Bridgewater; and Exmoor, on the borders of West Somerset 
and Devon. Of the first three little else but the name remains. 
On Exmoor the deer is still hunted. 

We now arrive at Wookey Hole, one of the largest caverns in 
England, being only second to one at Castleton, in Derbyshire. 
Indeed it is only its size that renders it worth a visit; there are no ~ 
stalactites to see, as in the beautiful cavern of Cheddar. Wookey 
Hole is one of the sources of the Axe, which flows by Axbridge. 
The waters contain many frogs and also eels. 

Near to Wookey Hole is the famous bone cavern described by 
Mr. Boyd Dawkins, which contained remains of the Mammalia which 
inhabited the district in Post-Tertiary times. The Mendip Caverns 
have yielded bones and teeth of Elephant, Rhinoceros, Tiger, Hyena, 
Bear, Wild Boar, Horse, Ox, Deer, and Hare. 

The Ebber rocks, a ravine in the Mountain Limestone near 
Wookey, are well worth a visit, as they are very picturesque, although 
not so grand as Cheddar. 

Wells has certainly many charms, for the scenery is very fine ; 
while the Cathedral and the fine perpendicular tower of St. Cuthbert’s 
will attract the attention of all visitors. It is within an easy distance 
of Glastonbury, to which we now direct our attention. 

All know the tradition of Joseph of Arimatheea and eleven others, 
who sailed to Britain, and after travelling for many a day through 
gloomy forests and boggy swamps, at last reached the point now 
called Weary-all-Hill, and there, overcome with fatigue, Joseph 
stuck his staff—his apostolic rod—in the earth, which forthwith 
budded, blossomed, and filled the air with sweet odours. Shortly 
afterwards, so the tale runs, according to the Rev. J. Williamson, 
they erected a chapel in honour of the Virgin Mary. This they 
built of twisted alder, and formed the lowly roof of rushes from the 
surrounding morass. More substantial buildings followed in early 
British and Saxon times, where the first Abbot presided a.p. 415. 
Of these, however, no trace remains. On the same site was erected 
the great Abbey, whose ruined nave we now look upon; whose 
transept, choir, and the adjoining chapels can be traced out from the 
fragmentary arches and profusely sculptured pillars, which yet still 
stand in imposing grandeur, and whose beautiful chapel, dedicated 
to St. Joseph, is the most perfect portion that is left to us. Com- 
menced in the east, in a transition Norman style, in the twelfth 
century, it was carried on towards the west in the same style until 

1 See H. B. W., Proc. Somerset Arch. and Nat. Hist. Soc., 1874. 
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the west front, and a portion of St. Joseph’s chapel, in connexion 
with it, were constructed in the Harly English style. 

For nearly eleven centuries the devotees of all nations, to quote 
Mr. O. T. Hill, flocked in crowds to its fane, to worship at its altars, 
to adore its relics, to drink in health at its sacred well, and to gaze 
in wrapt wonder at its‘ holy thorn. In the early part of the 16th 
century the Abbey was in the plenitude of its magnificence and 
power. Ina few years more the last Abbot Whiting died—hanged 
and quartered in the reign of Henry VIII., November 14th, 1539. 
dts lands found their way principally into the possession of the 
Duke of Somerset, the buildings fell into ruin, and the magnificent 
library was scattered. So great has been the neglect of the place 
that until the present owner, James Austen, Hsq., purchased the 
Abbey estate, it was left entirely to nature, except when blocks of 
fallen stone were taken away as material for mending roads. We 
may be thankful that the ruins are well taken care of now, though 
we may smile when we reflect that where was once all the splendour 
of England’s greatest Abbey, now there is a croquet-lawn ! 

Before leaving, let us look at the Abbey kitchen, which contains 
four large fire-hearths, each sufficient to roast an ox in. 

It is a good pull up the Tor, and we wonder how the people 
went to church on a hot summer’s day ; however, there is not much 
inducement to do so now, for though they have been there, they 
cannot go more, as the body of the church was overthrown by an 
earthquake in 1275. The most remarkable circumstance, however, 
was that the tower survived the shock, and there it still remains, as 
a monument of a people with rather elevated ideas. 

The Tor may be looked upon as an island in the geological sense, 
it is an outlier of the Sands which occur between the Lias and 
Inferior Oolite: there is no hard capping to protect it, and so it is a 
remarkable instance of isolated denudation. Brent Knoll is another. 
rlowever, while we are at the Tor, we may collect many Ammonites 
rom the clay and rubbly limestone beds (Upper Lias) below the 
and, and also Ammonites, Belemnites, and the large Pecten 
equivalvis from the Middle Lias or Marlstone underneath. Then, 
having descended the hill, we may plunge into a bath in the Chaly- 
beate waters which issue from its foot after percolating through the 
ferruginous sands of which it is formed. The water strikes with icy 
coldness, so that one cannot remain in long. 

Pennard Hill, which stretches away a few miles to the east, is in 
the centre of a district noted for its cider, a beverage largely drunk 
in Somersetshire, and which the farmers are proud to offer to any 
chance visitor. 

To the north of the Mendips, in the vale of Wrington, there are 
many orchards, and good cider is made; the favourite apple is the 
“Court of Wick Pippin.” ! 

1 The apple seems to have been originally imported into Britain by the first colonies 
from Gaul, and in particular by the British Heedui, a Celtic tribe, who settled in the 
northern and eastern parts of the county of Somerset. Hence we find the site of the 


present Glastonbury to have been distinguished, before the Roman advent, by the dis- 
criminating title of Avallonia, or “The Apple Orchard.””—History of Carhampton. 
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The moors in the neighbourhood of Glastonbury, at Ashcot and 
Shapwick, are largely dug for peat. 

We éan hardly stay to go up Creech Hill, nor to visit Bruton 
with its fine church tower. Castle Cary itself is scarcely worth a 
visit, buried in the spurs of the Oolitic escarpment, with its church, 
one of the few in Somerset with a spire, though modern. When we 
get into this country, we find the eminences, as a rule, sheep-walks ; 
the hill-slopes, orchards; and the vales, pasture land. Cadbury 
Camp, which lies to the east, on the road to Yeovil, is an outlier of 
Inferior Oolite, and one of the great strongholds in early British 
times. Cadbury is mentioned in old records as Camelot, and is said 
to have been, in the days of Good King Arthur, the Head Quarters 
of the Knights of the Round Table. 

Queen Camel, which has some legend connected with ing 
Arthur to account for its unusual name, is devoid of much interest. 
It possesses a sulphur spring, due, probably, to a decomposition of 
iron pyrites in the Rhetic shales whence it issues. It also has some 
good quarries in the Lias limestones, which are here brought to the 
surface by a fault, otherwise I do not recommend it as a dwelling- 
place, though I stayed there several weeks. ‘There is no living on 
the fat of the land: beef I was told was “killed” twice a year, 
while mutton is to be had when the butcher froma neighbouring 
village has not sold all his stock on his previous rounds. One may, 
however, linger on by drawing supplies of soup and meat from 
Australia, and of fish from Labrador, obtained by a journey to Yeovil. 

Yeovil is a busy market town, noted for its gloves. It has a fine 
Perpendicular church, and many pretty walks and sections of Inferior 
Oolite and sands to reeommend it. 

To the north and north-west we find an uninteresting tract of flat 
country, chiefly meadow land, and very wet and marshy in winter 
time. In the midst of this is the decayed town of Ilchester, formerly 
one of the most famous stations possessed by the Romans, and even 
till the coaches left the road, a place of some importance. Somerton 
is another decayed town; once the chief town of Somerset, it now 
presents a poor appearance. Its church, with the octagonal tower, 
not uncommon in the neighbourhood, is in the Perpendicular 
style. The well-wooded valley which lies to the east is very 
picturesque, as it winds away amongst the hills of Lias limestone, 
which are quarried largely at Kineton and the Charltons. Here and 
there at Hurcot we trace the Red Marl, which becomes very con- 
spicuous in the escarpment which stretches away to the north by Sir 
Alexander Hood’s monument; the line between the Red Marl and 
the overlying grey marls of the Rhetic series is well marked. 
These beds yield Alabaster, which has been worked in several 
places, particularly at Hurcot. 

In the Red Marl in this neighbourhood, also in the vale of 
Wrington, and other parts of Somerset, the Teazel (Dipsacus 
fullonum) is much cultivated. Its dried head, which bristles with 
hard stiff spiny bracts, is used by fullers in dressing cloth, no 
machinery having as yet been found so well adapted for this purpose. 
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Near here a boring was carried down to a depth of about 600 ft. 
in search of Coal, but without success. The Red Marl was not 
“bottomed.” In the Radstock Coal-field most of the mines are sunk 
through this formation, some even commence in the Inferior Oolite 
and penetrate the underlying rocks, the Lias, Rheetic beds, and Red 
Marl, to the Coal-measures, but the maximum thickness of these 
rocks is much thinner on that side of the Mendips than it is to the 
south. There is little doubt that the Coal-measures occur to the south 
of the Mendips, and at a workable depth: the structure of the Mendip 
Hills being, geologically speaking, an anticlinal or “saddle,” which 
has brought the older rocks to the surface in a fold or ridge, leaving 
the newer Coal-measures resting conformably on their flanks, partly 
exposed or very thinly covered by the Secondary rocks on the north 
of the Mendips, and entirely concealed on the South. A boring would ~ 
probably have to be continued a thousand feet there to prove the 
question, and should the great Sub-Wealden exploration prove suc- 
cessful so far as regards the finding of coal, perhaps the land- 
holders of Somerset may be induced to combine and make a trial 
sinking south of the Mendips. 


II. MeO A SKULL OF Bos PRIMIGENIUS PERFORATED BY A STONE CELT. 
By James Carter, M.R.C.S., etc. 


N 1863 the skull and a portion of the skeleton of a large extinct 
species of Ox (B. primigenius), which had been found in the peat 
of the Cambridgeshire Fens, and which apparently had been killed 
by a celt, was placed in the Woodwardian Museum at Cambridge. 
At the time of its deposition there a portion -of the flint remained 
firmly fixed in a fracture in the frontal bone, being partially retained 
in sitd by a mass of peat: as, however, this peat gradually dried, it 
crumbled away, and the celt became loosened and displaced ; more- 
over, some small fragments of bone fell away from the margin of 
the wound, so that in its present condition the specimen merely 
exhibits an irregular fracture in the forehead, in which a fragment 
of a flint implement lies loosely ; but it no longer furnishes con- 
clusive and positive evidence to prove that the fracture was actually 
caused by the celt which occupies it. 

The scientific value and interest of the object therefore must now 
in great measure rest upon the testimony of those observers who 
examined it soon after its discovery, and when it was in such con- 
dition as to admit of no doubt as to the correct interpretation of the 
facts which it presented. 

I therefore publish a portion of a paper which I se before the 
Cambridge Philosophical Society in May, 1863 :— 

In January, 1863, some workmen who were employed in Burwell 
Fen, about ten miles from Cambridge, in digging through the peat 
for the purpose of quarrying phosphatic nodules from the Upper 
Greensand, came upon the skeleton of a large Ox—Bos primigenius. 
A few days after discovery, the upper portion of the skull, with the 
horn-cores complete, and with the peat from which it had been dug 
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still fresh about it, was brought to Cambridge by the men who had 
found it, and was purchased for a small sum by Mr. Farren, who 
was then actively engaged in collecting fossils for the Woodwardian 
Museum. At the time of purchase the specimen was not known to 
possess any unusual interest. It was not until an attempt was made 
to clear away a large boss of peat which adhered to the broken 
facial extremity of the skull that the fact was discovered which 
gives it a singular archzological importance, namely, the presence of 
a portion of a stone celt firmly fixed in a wound in the right frontal 
bone, partly penetrating the cavity of the skull, and slightly pro- 
jecting from it. The peat so completely concealed the celt from 
view that the workmen of whom it was purchased were almost 
certainly not aware of its presence, or they would have mentioned 
it, as they are in the habit of collecting, and are quite familiar with, 
such objects, and could scarcely have failed to have recognized the 
nature of the flint, if they had seen it. 

Having noticed this remarkable circumstance, I made a careful 
examination for the purpose of satisfying myself as to the authenticity 
of the specimen, and as to the credibility of the several points of 
interest which it appeared to offer. Jn this investigation I gladly 
availed myself of the critical knowledge and experience of Professor 
C. Cardale Babington and the Rev. T. G. Bonney of St. John’s 
College. It was also closely inspected by many other members of 
the University and scientific observers, including Mr. John Hvans 
F.R.S. (now President of the Geological Society of London). 
The general appearance of the peat which covered the celt, the 
arrangement of the small rootlets, fibres, ete, of which it was 
composed, the manner in which it was matted upon the flint, 
and had accurately moulded all its inequalities of surface,—these 
characters and appearances were so distinctly marked as to leave no 
doubt whatever as to the fact that the peat must have formed upon 
the celt after its implantation in the skull, and had not been subse- 
quently disturbed. I insist upon this statement most positively, 
because the peat has since become dry and crumbled away, so that 
the appearances described above are uo longer observable. The 
examination, however, while the peat was still fresh, was absolutely 
conclusive as to the fact that the flint could not have been recently 
placed in the position it occupies.' 

The flint was at once recognized as being a portion of a celt of the 
Neolithic type. The greater portion of the surface is chipped, but at 
the broader extremity it is ground smooth for about a quarter of an 
inch from the cutting edge. In dimension it measures nearly 3 inches 
in length and 21 inches at its greatest width. The elliptical surface 
produced by the transverse fracture of the celt is 2 inches by # of an 
inch. This implement is unusually thin and the edges very sharp, 
characters which render it all the better adapted for the purpose to 

1 In a short notice read before the Cambridge Antiquarian Society, on February 
23, 1863, and published in the “ Antiquarian Communications ”’ of that Society, vol. 
il. no. xill. p. 285, 1864, Professor C.C. Babington expresses himself most positively 
on this point, and asserts his confident belief that the celt could not possibly have 
been recently placed in the skull. 
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which it has been applied in this instance. The greater portion of 
the fragment lies within the cavity of the skull, rather more than 
half an inch projecting from it. The transverse fracture is evidently 
an old one—the broken end being patinated equally with that of any 
other portion of the celt; and it is reasonable to infer that it was 
produced by the violence employed in killing this huge animal. 
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Neolithic Flint Celt, found imbedded in the frontal bone of the skull of Bos primi- 
genius, front the Cambridgeshire Fens (reduced one-third nat. size). Fig. 1. The 
broad surface. Fig. 2. The profile. Fig. 3. The end view. 

On inspecting the wound in the skull, in order to ascertain the 
probable manner in which it had been produced, it is evident that it 
is precisely such as would have been made by the flint implement 
which is implanted in it: its edges are irregularly splintered and 
depressed, and in contour at the upper and outer part it corresponds 
accurately with that of the celt; unfortunately the skull had been 
broken across at the level of the upper margin of the orbits in such 
a way as to interfere with the fractured opening, and a portion of 
bone has fallen away, a natural separation having taken place at the 
mid-frontal suture, so that it cannot now be ascertained whether the 
lower portion of the opening corresponded in outline with that of 
the celt, as does the upper part. It is, however, clearly manifest 
from the characters of the wound, that the flint could not have been 
placed in its present position—either by accident or design—after 
the facial bones had been broken away from the rest of the skull. 
Moreover, the supposition that the fracture was produced during the 
life of the animal, or, at least, whilst the skull was yet fresh and 
retained its animal matter, is confirmed by the fact that the small 
fragments of bone which were detached from the edges of the 
wound did not fall away, as they would have done in a dried skull, 
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but were apparently retained by the soft animal matter, and subse- 
quently by the peat which filled the skull. As an indication that the 
wound was intentional, and not accidental, it may be observed 
that it was inflicted precisely in that small portion of the forehead 
which it was necessary to strike, in order to penetrate the brain, and 
so kill the animal. 

It must have required a vigorous blow to have caused so com- 
paratively blunt an implement to pierce the tough hide of the 
animal, covered by a dense coat of shaggy hair, and penetrate 
the cavity of the skull for nearly three inches. The force sufficient 
to have produced a wound of this depth through such dense struc- 
tures must have been so great that it can be readily understood how 
it happened that the thin celt which was made use of should have 
been broken at about a level with the skin upon the animal’s fore- 
head. So small a portion projected as to render the extraction of 
the remainder from a fracture through fresh bone no easy matter: it 
was left in the wound, and has become an historical record of great 
interest. 

So far as I know, the specimen is the only example which has yet 
occurred to prove positively that the stone celt was used by the early 
inhabitants of these islands for the purpose of killing animals. Skulls 
of extinct species of oxen have been found having a fractured open- 
ing in the forehead. Prof. Newton, in a paper read before the 
Cambridge Philosophical Society, states that he saw a skull of Bos 
primigenius, found near Ely, which had received such a blow as 
must have killed the animal, but how this wound was produced 
could not be ascertained. Professor Newton also states that at 
Thetford, in Norfolk, many skulls of Bos longifrons were found, all 
having a fracture in the forehead. Dr. Falconer informs us 
that a specimen of a vertebra of a Reindeer, “ pierced through and 
through by a flint weapon which still remains imbedded in the 
bone,” was discovered in a cave in Central France. 

After it was ascertained that the skull possessed archeological 
interest, search was made upon the spot where it was found for other 
portions of the animal, and nearly the whole skeleton was recovered. 
The bones were found imbedded in the peat, and arranged nearly in 
their natural order. It would seem that the animal must have been 
killed upon the spot where the bones were found, and that the 
carcase or skeleton must have been buried in the peat soon after 
death, inasmuch as the bones afford no indication of having re- 
mained long upon the surface, exposed to the action of the various 
atmospheric and other agencies. 

As regards the geological period to which this skeleton belongs, it 
seems tolerably certain that we may refer it to the later portion of 
the interval during which peat was formed; but any chronological 
considerations must be conjectural. The rate of growth of peat 
cannot be made to afford any very definite information as to the 
measurement of time, inasmuch as it varies so considerably according 
to the tribe of plants of which this substance is composed, and the 
quantity of water by which it is moistened or covered. It is im- 
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possible to hazard a conjecture as to the period in years since the 
formation of the Burwell peat commenced, but we know that— 
except in the dykes—it ceased when the Fens were drained, less 
than a century ago, and the occurrence of this skeleton proves 
positively that the district was so far drained as to be traversable 
at the time this ox was killed, and there is no evidence of any 
subsequent long-continued submergence; for undoubtedly the greater 
portion of the peat found above the skeleton was not formed upon 
it, but was the result of the carcase having sunk into it when ina 
moist state. 

Indeed such few facts as we possess all tend to warrant the con- 
clusion that this specimen need not be referred to any very remote 
period in time. It is of interest not with reference to the antiquity 
of man, but as affording evidence of the contemporaneity of man with 
Bos primigenius, as a proof of one especial purpose to which celts 
were applied, and as rendering it probable that this ox lived, and 
that the early inhabitants of the Cambridgeshire Fens continued 
primeval habits, to a much more recent period than has been 
generally supposed. 

The celt (Fig. 1) is figured one-third less than the natural size. 
Fig. 2 as seen in profile. Fig. 8, section as shown at the broken 
proximal end. 


IJ.—On Dartrv. 
By J. G. Goopcuinp, F.G.S. 
of H.M. Geological Survey. 

N a letter to Nature for 14th May, 1874, Mr. Belt has expressed 

his belief that the presence of shells in glacial deposits, at what- 
ever elevation they may be found, does not necessarily constitute a 
proof that the land has been depressed to that extent relatively to 
the level of the sea; but that in such cases as those of the drifts of 
the basin of the Irish Sea the shells occur in their present positions 
because they were thrust thither out of the bed of the sea by the ice- 
sheet which was advancing from the North. 

Somewhat similar views with regard to other drifts had been pre- 
viously advanced by Messrs. Croll and Tiddeman; but up to the 
time of the publication of Mr. Belt’s letter no one had ventured, in 
print, to extend this theory to such deposits as those of Macclesfield 
and Moel Tryfaen. 

The communication referred to gave rise to an instructive dis- 
cussion, which was brought to a close by a letter from Prof. Green, 
in which attention was recalled to the fact that the drifts in question 
were finely stratified, and that, therefore, they could not have origi- 
nated in the way suggested. 

As no one since has ventured to re-open the discussion, I propose 
to take advantage of the renewed interest in the subject likely to be 
occasioned by the publication of Mr. James Geikie’s paper on “ The 
Occurrence of Erratics at Higher Levels than the Rock Masses from 
which they have been derived,” which I have just read, to re-state 
some of the arguments used in a paper read to the Geological Society 
on the 24th of June last, in which I have sought to establish a new 
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theory of the origin of drift deposits that seems to throw some light 
upon this and some other imperfectly understood points in Pleisto- 
cene Geology. 

Much of the difficulty which has hitherto been felt in accounting 
for the transportal of marine shells to high levels by means of ice in 
the way suggested by Messrs. Croll, Tiddeman and Belt, has arisen 
through what is probably a misconception respecting the method of 
formation of the beds in which the fossils occur. If it can be proved 
that the greater part of the till has been accumulated, in the first 
instance, between the ice and the rocky bed over which it was 
passing, then it would follow that the force resulting from the 
advance of the Irish Sea ice-sheet must have been sufficient, not 
only to crush and completely destroy all traces of any organisms 
which may have found their way beneath it, but also to knead up 
the beds in which they occurred in such a way as completely to 
obliterate all traces of stratification. To deny this, as Mr. Bonney 
has pointed out, is to deny to ice that efficacy as an abrading agent 
which those accustomed to the practical investigation of glacial 
effects see every day additional reason to ascribe to it. 

Referring to descriptions of the drifts of the Basin of the Irish Sea, 
we find that most writers concur in describing those of the low 
ground as divisible into three groups—a lower till group, with traces 
of stratification throughout, and occasional seams of sand and gravel; 
—a sand and gravel series, which includes occasional thin beds of 
till, and deposits of loam and laminated clays;—and an upper till, 
resembling that beneath in every essential respect, except that it is 
occasionally noted that it contains a larger per-centage of far-derived 
boulders than does the older deposit. Between the lower till and 
the sand and gravel series, and also occasionally between this and 
the upper till, the junction is uneven, from the denudation effected 
in the interim between the formation of the overlying and the under- 
lying beds. 

References to any contortion of the beds on the large scale are 
rarely to be met with, and the few instances that have been described 
show that the amount of derangement is wholly incommensurate 
with that which must have resulted from the long-continued onward 
movement, over beds which are yet unconsolidated, of a mass of ice 
that was certainly not less than 2000 feet in thickness. 

Following the drifts inland towards the heads of the principal 
river-basins, the medial sand and gravel group is locally found to 
pass horizontally, through frequent alternations of sand and gravel 
and till, into a deposit which cannot be distinguished from ordinary 
till, so that the three subdivisions of the drift are no longer traceable. 

It is usually the case that the proportion of washed and water- 
worn material included in the whole of the drift of any given spot is 
in exact proportion to the area of the catchment basin lying above it. 
In other words, the quantity of water-worn drift, and the volume 
of water flowing along the principal river, at any given part of a 
district, almost always bear an exact proportion to each other; so 
that, near the sources, as a rule little else than till is to be met with; 
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lower down alternations of till with sand and gravel begin to occur ; 
and at a still greater distance from the head waters it often happens 
that nothing but accumulation of water-worn materials make up the 
whole mass of the drift. 

Where natural or artificial sections afford an opportunity of ex- 
amining the internal structure of the drift mounds, we find that the 
beds are often, perhaps nearly always, wrapped round a core of the 
underlying solid rock; and, what is still more remarkable, the bed- 
ding planes of the outer parts of the deposit not rarely conform in 
slope to the adjacent outer surface of the drift mound; and this 
holds good whether the outer part be clay and the mound form a 
drumlin, or sands and gravels occupy the surface and the deposit 
assume the form of an esker. 

In those places where the proportions of till and gravel are about 
equal, most of the sections show lenticular deposits of laminated gutta- 
percha clays, interbedded with the sands and gravels, and with both 
the upper and the lower tills. The clays are often sufficiently fine 
to exhibit a shining surface when cut, and are arranged in ex- 
ceedingly thin leaves, forming masses which are occasionally from 
ten to fifteen feet in thickness, but of very limited extent horizontally. 
Notwithstanding their exceeding fineness, they are often strongly 
false-bedded, in some cases up to angles of thirty degrees, or even 
more; and the false-bedded laminze frequently repose upon, and are 
again covered up by, other laminz, which have other lesser degrees 
of inclination, or are even quite horizontal. But the most note- 
worthy feature about these sections is the intercalation of highly 
contorted and crushed loams and laminated clays, forming bands 
from a few inches to several feet in thickness, among perfectly 
horizontal, or at all events clearly undisturbed strata. In some 
sections these appearances are repeated four or five times in the 
same mass, the beds between the crushed and contorted beds being 
usually underanged. Where the clays in the till exhibit these 
phenomena, the slickensided faces, which Mr. James Geikie has 
termed “striated pavements,” are usually to be met with. 

It is important that attention should be called to these laminated 
clays, as they locally occur as well in both tills as in the middle 
group; and, clearly, no theory of the origin of the drifts can be 
tenable if it do not also offer a satisfactory explanation of the enig- 
matical phenomena referred to. 

Generally, the different members of the drift are so closely inter- 
woven, so nearly resemble each other in regard to the direction of 
transportal of the included stones, and the species of mollusca dispersed 
throughout the series—where it is fossiliferous—so often exhibit the 
same anomalous intermixture of Celtic, Lusitanian, Boreal, and 
Arctic forms, that one cannot resist the conclusion that the whole 
series must, in some way or other, have had a common origin. 

In framing any theory of the origin of drift we have therefore 
to bear in mind the following points :— 

The component materials vary in size from mere grains of sand 
up to blocks which are fifteen or twenty feet in diameter, or in 
some cases even larger. 
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A large proportion of the stones are either more or less blunted 
and striated, or else show obscure traces of striz, which evidently 
were at one time much more distinct. 

Angular and unscratched stones occur throughout the till, fre- 
quently outnumbering those that are glaciated; and well-scratched, 
and quite unworn stones are by no means absent from the sand and 
gravel group. 

The proportion of material water-worn and sorted according to 
size, and of blocks which are arranged with their longer axes 
parallel to the horizon, steadily diminishes as we approach the heads 
of the river-basins. 

Much of the drift lies in elliptical mounds, which frequently 
spring from a rocky projection ; and their longer axes, in most cases, 
conform in direction to that of the general line of waterflow of the 
place where they occur. 

Not often, save at the heads of valleys, does the drift fill hollows : 
in the plains it is usually moulded over bosses and ridges of solid 
rock; and the slopes of the mound in this case conform to the sub- 
jacent bedding planes of the drift. 

Pipes of fine sand and gravel sometimes extend several feet up- 
wards through the till; and inclined and rudely lenticular masses of 
finely laminated clay occur equally in the sand and gravel group, 
and in the upper and lower tills. 

The limited horizontal extent of each mass of this gutta-percha 
clay is shown to be original by the conformity between the outer 
lamination and the bounding surfaces of each mass. 

Lastly, undisturbed stratification may usually be found extending 
a long distance horizontally through each section: where crushed 
and contorted beds occur, they are either intercalated between un- 
disturbed strata, or, if they occupy the surface, the beds beneath show 
no derangement. 

As the marine theory of the origin of till leaves so many facts 
unexplained, that it is being rejected by most glacialists, it will be 
passed by here without further mention. 

The théory which seems to find most general acceptance with 
geologists is that which assumes that the till originated through the 
long-continued scraping and rasping of the rock surface by the gritty 
sole of the ice-sheet, studded with boulders that had been wrenched 
from its rocky bed, the resulting detritus being shoved along between 
the moving ice and the rock to the sheltered spots where it finally 
accumulated as till. 

It is obvious that a deposit formed in this way must necessarily 
be quite unfossiliferous, because the enormous force exerted upon 
the mass by the advancing ice-sheet must have been sufficient to 
grind any organisms which chanced to find their way there into the 
finest mud. 

For the same reason such a deposit must be quite devoid of stratifica- 
tion. The ice which exerted so powerful an abrading influence upon 
every part of the most irregular and hardest rock surface, glaciating 
boss and cavity alike, could not fail to knead up any unconsolidated 
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beds over which it might pass, so that every trace of stratification 
would speedily be obliterated. 

The sliding motion communicated to the parts of the moraine 
profonde, under the enormous pressure of the superincumbent mass of 
ice, must have caused the included rock fragments to arrange them- 
selves with their longer axes parallel to the direction of motion of 
the bottom of the ice, and must have given rise to a kind of slicken- 
siding along planes at right angles to the line of pressure, so that 
along those planes the till might be expected to exhibit more or less 
distinct traces of a kind of cleavage. 

Lastly, the greatest thickness of till must have accumulated in the 
comparatively sheltered spots ; in situations exposed to the full force 
of the icy currents little or no till could gather, save in the form of 
thin lenticular patches. 

What we actually find is a series of, beds which locally contain a 
few even well-preserved fossils, and which are often distinctly strati- 
fied throughout, and occasionally exhibit many alternations of beds 
of till, sand and gravel, loams, and laminated clays. ‘Throughout, 
the series is characterized by the presence of boulders the longer 
axes of which are found lying in every possible direction. And, 
lastly, the till may be found in as great force in the upper parts of 
wide valleys in which it can be shown that the ice travelled upwards 
—for instance the Eden Valley—as in the sheltered spots only within 
which it ought to occur according to the moraine profonde theory. 

Doubtless, the want of accordance between the leading points of 
the moraine profonde theory and the observed facts has been felt 
with more or less force by nearly all geologists who have practically 
investigated the subject. Other objections will probably occur to 
every field geologist, but those indicated above seem to warrant us 
in seeking to replace the moraine profonde theory by any other 
which will better harmonize an equal number, or a greater number, 
of facts. 

The laminated clays, which have been referred to above as forming 
one of the members of the drift series, afford unmistakable evidence 
that whatever agent produced them continued over the spot all the 
while they were being formed. Small stones are frequently, and 
even boulders, that is to say stones of more than one foot in diameter, 
are occasionally found in the midst of them. Any current sufficiently 
strong to transport these stones must have swept the fine clay much 
farther from the source of the current. They are distinctly false- 
bedded in different directions, and often at angles up to twenty 
degrees or more; whence it is obvious that they cannot have been 
thrown down in water, otherwise the clay would have been spread 
out in sheets with lamine nearly or quite horizontal. They are made 
up of countless lamin of exceeding thinness, which show alter- 
nations of sands of different colours and of various degrees of coarse- 
ness, from which it is clear, that whatever produced them acted 
intermittently over the same spot through long periods of time. 
Puckered and highly contorted bands alternate with others in 
which the bedding planes remain undisturbed ; therefore the crumpling 
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must have been going on every now and then during the formation 
of the beds; and the agent which produced the crumpling could not 
have accomplished it by an endlong thrust, or more of the underlying 
beds would have participated in the disturbance. The principal faces 
of oblique lamination in the clays very frequently, perhaps nearly 
always, conform in direction to the outer slope of the mound in 
which they occur, and usually, also, to the slopes of the rock over 
which the drift is moulded; where the till has been denuded, the 
surface of the overlying sand and gravel usually follows the outline 
of the till over which it lies, whence we may conclude that the drift- 
forming agent was detained over one particular spot until the whole 
of the drift, till, sand and gravel, loam, and laminated clay, had 
accumulated. 

Taking another line of inquiry, we find that nests and vertical 
pipes of sand and gravel frequently extend upwards through a con- 
siderable thickness of till, in such a way as to show that the building 
up of the surrounding till went on simultaneously with the deposition 
of the fine sand and gravel: this again seems to point to the deten- 
tion, over the same spot, of the agent which produced both results. 
Evidence of the same kind seems to be afforded by the occasional 
presence of well-glaciated and quite unrolled rock fragments in the 
midst of thick deposits of sand and gravel; the amount of rolling 
which was sufficient to efface the strie from most of the stones could 
not fail to have acted alike on all;—there must have been something 
from which a continual supply of these scratched stones and angular 
blocks was being derived, while the other stones were being rolled 
into shingle. Such instances, doubtless, are rare in proportion to 
the distance of the mass of gravel from the head of the physical 
basin in which it occurs; but a careful search in almost any sand 
and gravel mound will usually bring one or more such instances to 
light. 

onecsing from these data last winter, I was led to the conclusion 
that the only agent by which we could satisfactorily account for 
these varied, and, in part, seemingly unrelated phenomena, was the 
great ice-sheet itself, throughout which the component materials of 
the various forms of drift were in some way or other dispersed. 

It seems strange that so many geologists who have written about 
drift should have assumed that the stones and mud were confined to 
the bottom of the ice-sheet, and that the body of the ice was nearly 
or quite free from detritus. Yet mention of even considerable 
quantities of rock fragments imbedded in icebergs is frequently 
made by voyagers, and all writers seem agreed that stones and 
mud do occasionally occur in the bodies of the Swiss and other 
glaciers. Had no mention been made of these included stones, their 
presence in the ice-sheet might have been inferred from the now 
undoubted recurrence in the ice of crossing currents, the probability 
of the existence of which was long since pointed out by Professor 
Ramsay. 

The evidence for the existence of these crossing currents may be 
stated as follows :— 
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Where the general direction of glaciation within a small area is 
known, it is often found, as was pointed out by Mr. James Geikie 
in the ‘Great Ice Age,’ that the strize show that the ice was more or 
less deflected on meeting with an obstacle, while the higher currents 
moved in the general direction ; so that just above the obstacle the 
ice must often have been flowing at right angles to that which was 
passing the rock below. 

On the north-east side of Wastdale Crag, near the Granite Quarries, 
a protuberant boss of the granite--about four feet by three in dia- 
meter, and standing up like a short column about two feet above the 
general surface near it—shows on the top strie ranging north- 
easterly, or in the direction common in the immediate vicinity. 
From the bottom of its most south-westerly part, that is to say 
the point directly opposed to the current, the striz diverge upwards 
in the form of a fan, winding spirally upwards round the sides until 
they gradually merge into the main direction near the top. Along 
the lee side, near the top, a small channel along a joint extends 
in a direction at right angles to that of the top current, and although 
‘itis only six inches below a part of the block showing well-marked 
north-easterly strie, this tiny channel exhibited distinct glacial 
scratches in the direction of its length, or exactly at right angles 
to those just above it; so that in this instance the ice immediately 
above the block must have crossed at least four distinct streams, 
making with it every angle up to, or even beyond, a right angle. 

It is not easy to bring this home to the mind without the aid of a 
diagram ; but some conception of the phenomena may he formed by 
noticing the way in which the water of a river flowing over a 
similar obstacle splits and passes round the block, pressing against 
the sides, and closing in behind as a backwater; while the direction 
of the stream immediately above the diverging currents would remain 
nearly unchanged. 

What has been stated of the small block of granite will apply 
equally well to at least the greater part of the Fell of which it forms 
a part. ‘The recent operations of the Shap Granite Company have 
laid bare many well-glaciated surfaces of the granite, which clearly 
show that, whatever direction the ice may have had at high levels, 
in the movements of its lower parts, it tended more or less to follow 
the shape of the ground immediately beneath it, exactly as it did on 
a smaller scale in the case of the rock just mentioned. It would be 
easy to multiply such instances, as the ice seems everywhere, under 
like circumstances, to have behaved in a similar way. 

Where the body of the ice was impelled up the valleys, and many 
instances of the kind could be adduced, there may sometimes be 
found indications in the directions of the striz at high levels to 
prove that the higher strata of the ice were acted upon by currents 
flowing completely at right angles to the course of the lower parts, 
so that from directions parallel with the length of the valley low 
down the striz tend more and more to change into the direction of 
the higher current as they are followed towards the hill tops on 
each side. 
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Professor Ramsay long since stated it as his belief that there were 
not only crossing currents in the ice-sheet, but that it was quite 
possible that some of the higher parts of it may have moved in 
directions directly opposite to the course taken by those at a lower 
level. 

Many phenomena, otherwise inexplicable, may be easily enough 
accounted for by this theory; such, for instance, as the transportal of 
drift in directions opposite to the movements of the sole of the ice as 
indicated by the scratches. 

One remarkable instance of this kind has lately come under the 
writer’s notice, in which the general direction of transportal of part 
of the drift was clearly up the valley, the far transported drift being 
intimately mixed up with detritus of purely local origin, and the 
whole deposit left in considerable masses in the bottom of the higher 
end of the valley. Yet a small rock exposure in the stream, about 
two miles from the head of the valley, exhibited a well-striated rock 
surface, the appearance of which clearly showed that the ice which 
formed the striz must have moved down the valley. The presence 
of the drift of extraneous origin, with undisturbed lines of bedding, 
above the glaciated surface, precludes us from referring these strize to 
any after glaciation, which must inevitably have swept out all traces 
of the older drift. 

We are, therefore, led to conclude that in this case, as in probably 
many others, the bottom ice, acting more under the influence of 
downward pressure than the higher parts, moved downwards and 
outwards to the point where its outward motion would be stopped by 
the up-flowing ice, whilst the higher strata, being more affected by 
the local set of the ice currents at the surface, which were acting 
horizontally, and being less influenced by the overburden of ice, 
would move towards the head of the valley up to the point where 
the local ice would check or alter its course. In this case, therefore, 
it is easy to see how the two currents, over any given spot, may be 
moving in precisely opposite directions at the same time. 

An exact parallel may be found in the undertow flowing seawards 
from a beach, while a little higher up the breaker is advancing 
towards the shore. 

In cases similar to that of the ice currents just referred to, a little 
consideration will convince one that there must have been some- 
where a point at the bottom of the ice at which the two opposing 
forces, the outflowing and the inflowing, must have been exactly 
equal in energy, and in which, therefore, the line of least resistance 
must have lain in an upward direction. This course, therefore, the 
ice would take; and many, if not ail, of the stones set in the bottom 
of the ice would go up with it. In proportion as the stones rose in 
the body of the ice, they would be brought more within the in- 
fluence of the higher currents, and would in that way be occasion- 
ally carried backwards in the ice over the spot at which they first 
worked into it at a lower level. The crossing current, before 
referred to, would tend to bring about a similar result. Many 
stones which were fixed in the sole of the crossing streams would, 
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on the blending of the two currents, find their way into the body of 
the conjoined stream without first working downwards to the base. 
When once they were fairly into the ice, gravity would have but 
little effect upon their position; but they might be floated, so to 
speak, across wide valleys, or over lower currents, transporting 
other boulders in different directions without working downwards 
to any appreciable extent. 

The observations of Prof. J. D. Forbes, lately extended in the 
paper by Mr. James Geikie, referred to above, would tend rather to 
show, that instead of working down, any solids included in the body 
of the ice would tend sooner or later to find their way to the surface, 
through the wasting of the upper parts of the ice under the influence 
of the sun, warm ,air, and rain; while its general level was kept 
constant by accretions from the various feeders of the trunk stream. 
Prof. Forbes and Mr. Geikie consider that the boulders might 
work up to the surface of the ice in this way from any part of the 
bottom; and, after reading Mr. Geikie’s paper, I am inclined to 
think that the filling of the ice-sheet with stones and mud, in the 
ways that I have suggested, may have been quite subordinate to the 
combined action of ablation and turgesence, treated of by the authors 
just named. 

What it is particularly wished to call attention to here is the fact 
that the direction of transportal of boulders is very often at right 
angles, and in a few cases is directly opposite to the course taken by 
the sole of the ice-sheet, as indicated by the glaciation of the rock 
surface, or by the direction in which other boulders have travelled. 

Thus, the glaciation of the Isle of Man has been shown to have 
been from the north-east, or from the mountains of the Lake District; 
while the course taken by the boulders has been from the north, 
north-east, and perhaps also from the north-west. 

Another case is that of the glaciation of the ground about Lan- 
caster, which Mr. Tiddeman has shown to have been, generally 
speaking, from north to south, while the course taken by the boulders 
from the western part of the Lake District and from Scotland lies in 
a south-easterly direction. 

Again, the boulders from Galloway have travelled eastwards 
towards Newcastle ; south-eastwards up the valley of the Hden, and 
thence over Stainmoor to the Vale of York; and, southwards, skirting 
the high ground of the Lake District as far as Ravenglass, whence 
their course was south-easterly, to near Manchester, and thence south- 
wards to an unknown distance. 

On the other hand, boulders have radiated far in nearly every 
direction from every mass of high land, often in courses exactly 
opposite to those taken by the extraneous drift, with which, locally, 
they may happen to be associated. 

Thus Prof. Sedgwick has mentioned the occurrence of boulders 
from the Lake District in those parts of Galloway which have 
furnished the greatest number of erratics to the Lake District itself. 

Even in those parts of the Lake District in which the majority of 
the boulders have moved outwards at low levels, we find that some 
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of the very same rock has been transported in opposite directions 
towards the heart of the mountains by the strong upper currents 
which were setting in from Scotland. 

Many similar cases occur in the Eden Valley, but perhaps the 
most striking is that of the very peculiar granite of Dufton, close 
under Cross Fell, blocks of which have been floated in the ice, 
amongst other directions, across to Shap, where I have picked them 
out of the till; while, on the other hand, the well-known granite of 
Shap is well represented by several large blocks close to the Dufton 
granite in siti. Both of these opposing currents have again been 
crossed at various other angles up to right angles by others which 
conveyed the boulders from the north and north-west of the Lake 
District—as, for instance, the red syenite of Buttermere—and the 
numerous varieties of granite and other crystalline rocks from 
Galloway, up the Eden Valley and over Stainmoor. It is easy to 
multiply examples, but those just given will probably suffice. 

One explanation of these facts assumes that the very fact of the 
difference between the directions of transportal of boulders and the 
trend of the scratches is in itself sufficient evidence of the action of 
floating ice; but the boulders which, according to this hypothesis, 
have come by floating ice, occur under precisely the same conditions 
as the associated boulders of local origin, and usually occur through- 
out all the drifts of a district in which they happen to be found. 
Hence, whatever explanation is adopted for one class of boulders 
will apply equally well to those with which it is associated. 

In some of the wider valleys, in situations eminently favourable 
for the formation of detached glaciers, striz are to be found going 
right across the path which an ordinary glacier would take ; and often 
elsewhere, other such traces of the ice-sheet as could only have been 
formed at or near the climax of the Glacial Period remain unobliterated 
by any newer set which followed the ordinary lines of drainage. 

On the whole, therefore, the evidence seems to point to the con- 
clusion that after the climax of the Glacial Period, the great ice-sheet 
did not break up by degrees into smaller detached glaciers which 
would efface from the low ground all traces of the previous occupa- 
tion by the larger stream, but that it quietly melted away without 
again advancing over any of its old ground. 

It will be well here to take a review of the condition and probable 
contents of the ice-sheet just before it began to ebb. 

It has been shown that the effect of the various crossing currents 
at different levels would be to bring together, over any given spot, 
a great variety of boulders from various sources, and which would 
be dispersed throughout the entire thickness of the ice. The direc- 
tions in which these boulders had moved need not necessarily 
coincide with the path taken by the sole of the ice, but would in 
many cases be even directly opposite. The ablation and compensa- 
ting turgesence, consequent upon the pressure of fresh supplies from 
the various feeders of the main stream, would tend to bring anything 
in the ice to higher levels, until it finally rose to the surface at 
whatever elevation this may locally have had. Any organic remains 
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which may have found their way into the ice through a crevasse 
or otherwise would also be distributed throughout the ice in the same 
way as the accompanying stones. 

There must have been a time in the history of the great ice-sheet 
when the waxing glaciers, before they became entirely confluent, 
projected so far seawards that their advancing ends would plough 
the sea-bottom, pushing before them the whole of the loose accumu- 
lations of mud, sand, and shingle, with their inclosed remains of all 
the animals which had lived and died there since the preceding 
glacial period, which may possibly have dated back to Pliocene times. 

Hence such a sea-bottom might be expected to include relics of 
the various faunz that had inhabited the spot under the greatly vary- 
ing changes of climate which probably came about between the two 
glacial periods. Thus we might reasonably expect to meet with 
traces of the successive occupation of the sea-bottom by the various 
colonies of Lusitanian, Celtic, Boreal, and finally of Arctic species, 
which would respectively obtain stations there as the successive 
changes of temperature of the sea-bottom favoured the encroachments 
of one province upon another. 

When the Glacial Period had so far advanced that the glaciers 
began to join ends, the submarine moraines, which were pushed 
before the glaciers, would find their way on to the confluent streams, 
and thus the old sea-bottoms would come to be blended in the ice 
with the vast quantities of detritus which were being borne outwards 
from the high land. 

As the ice increased in thickness, the included marine remains 
would follow exactly the same course as the associated stones, and 
would be carried inland to high levels wherever they were so im- 
pelled by the local set of the surface currents of the ice. 

Of course the shells would not go inland unless there were currents 
setting landwards in some part or other of the ice, and it is equally 
clear that unless one or other of these currents had somewhere 
crossed the sea-bottom, or had received accretions from other currents 
which had done so, no marine exuvie could well find their way 
inland in the ice. 

Animal remains, whether fossil or recent, included in the ice-sheet, 
may have drifted long distances without being greatly crushed, as it 
would only be in those places where there was much inequality in 
the pressures.upon the more easily fractured remains that they would 
be at all broken. 

In the ice, away from impediments, the pressure upon them would 
practically be equal in every direction, and they might, therefore, 
drift for ages without being much the worse for their entombment. 

The case of the bodies of Dr. Hamel’s three guides which were re- 
covered after drifting forty years in one of the Swiss glaciers 
(Tyndall’s Glaciers of the Alps, p. 76); the instance of the knapsack 
referred to by Messrs. Forbes and Geikie; and, still more to the 
point, the glass bottle which drifted for ten years with the above- 
mentioned knapsack (Occasional Papers, pp. 198-195); the geo- 
logical hammer which Prof. J. D. Forbes lost for fifteen years in the 
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Glacier de Lechaud, and which was afterwards recovered “ with the 
iron not rusted, nor the wood decayed,” —all show that under favour- 
able circumstances bodies may drift for years in the ice, and yet be 
little the worse for their journey. Why, then, should we assume 
that a few even fragile shells might not be preserved in the great ice- 
sheet while they were drifted from the sea-bottoms to the tops of the 
mountains ? 

When the ice began to melt away, the largest amount of liquefac- 
tion would take place at the surface, but terrestrial heat must also 
have had its share in melting the ice at the bottom. 

Wherever channels of any kind existed beneath the ice,—and we 
have abundant proof that the rock surface itself was very irregular, 
—the water resulting from the liquefaction of the ice would follow 
the descent of the surface along these channels towards the lowest 
ground it could find. By this means the stones and mud which 
were being liberated as the bottom of the ice melted, would be 
swept away and the channels kept open. On the banks the case 
would be otherwise. Here, as the mud and stones melted out of the 
ice, the accompanying water would drain into the lower channels, 
while the clay and stones would be left behind, and it is easily 
conceivable how sheets of water-sorted materials might occasionally 
alternate with the unstratified clays in places where a shallow 
channel had been temporarily formed between the continually rising 
bottom of the ice and the surface of the sediment, if one may thus 
use the word, which was accumulating between it and the under- 
lying rock. The detritus which was being liberated from the surface 
of the melting ice must also have occasionally found its way down 
through crevasses or otherwise to be mingled with, or arranged 
amongst, the more clayey deposits which were forming beneath. 

It is clear that close to what one may term the margin of the 
physical basins of each district, the volume of water of liquefaction 
flowing past any given spot would be less than would be found 
nearer the centre and the lower end of each basin, because, in addition 
to that derived from the melting of the ice in the immediate vicinity, 
there would be also all that which was flowing downwards from the 
higher parts of the basin. It would therefore follow, that the farther 
‘from the main water-shedding lines, the larger would be the propor- 
tion of water-worn and water-sorted material. 

High up in the valleys the deposition of the clay and stones, 
between the continually thinning ice and the underlying rock, would 
go on uniformly until all the ice had melted ; because there would 
be little more water passing beneath than that resulting from the 
melting of the ice immediately above. But where the volume of 
seaward-passing water was very great, as it must have been in the 
“bottoms of the valleys, it might be expected that occasional varia- 
tions in the velocity of the sub-glacial streams would cause them 
to cut channels into the older banks of clay which were left when 
the streams were at a lower ebb. The increased transporting power 
of the streams would tend to fill these channels with water-worn 
drift of different degrees of coarseness ; and when the streams again 
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sank to their ordinary levels, the deposition of material of lesser de- 
grees of coarseness would again go on over the lately formed channels. 

Still farther from the watershed so much water would be flowing 
between the ice and the rock in the low grounds that the finer parts 
of the clay—in places which, farther up the valley, would be out of the 
reach of the water—would be carried away, so that beds of loam only 
would be left to represent the more clayey deposits at higher levels. 

It is obvious that the farther from their origin the stones were 
rolled, the greater amount of attrition they would undergo, so that 
stones which, when melted out of either the top or the bottom of the 
ice, were either angular or well scratched, would soon be rolled into 
shingle undistinguishable from ordinary river gravel; and between 
these extremes we should find every degree of water-wornness, and 
thus get many stones from which the scratches would be only partially 
effaced, or would retain what Prof. Ramsay terms “ ghosts of scratches.” 

When at its lowest ebb, the water of the sub-glacial streams would 
permit of the formation of laminated clays in the minor tributary 
channels. The thin sheets of water highly charged with mud would 
deposit part of their load as a thin film of clay on the surface over 
which they were flowing, and the long continuance of such action 
would, in the end, give rise to deposits of considerable thickness. 
The presence of*the ice overhead would help to scatter throughout 
the mass the same proportion of stones and boulders as was being 
dropped around in the other deposits accumulating near; but the 
proportion of clay to stones in the gutta-percha clays would be larger 
by the quantity that was being abstracted from the beds from which 
the clay-bearing streams took their rise. In the end, we should thus 
get a deposit of clay of various degrees of fineness, in exceedingly 
thin laminz, often of different colours, and occasionally exhibiting 
false stratification up to high angles. We should be prepared to find 
it varying from a clay in which stones are only occasionally found, 
to a deposit in which scratched stones occurred in the normal 
proportion, and which would thus pass insensibly into the character 
of the ordinary stony clay around it;—the difference in character 
depending entirely upon the time any given thickness of each deposit 
took to form. 

Much interest attaches to the origin of these clays now that a 
human bone has been found beneath them in the Victoria Caves by 
Mr. Tiddeman, to whom also geologists are indebted for calling 
attention to the true nature and importance of these laminated gutta- 
percha clays. 

It may reasonably be asked whether the enormous downward 
pressure of the ice upon the underlying beds would not tend to 
crush and contort them more or less, especially if, as is probable, the 
ice-sheet occasionally settled down by small starts upon the half 
consolidated beds which were accumulating between its lower parts 
and the rock. 

To this it may be answered that abundant evidence of such crush- 
ing of the drift exists, although the singularity of the appearances so 
produced has led observers to refer the phenomena to other causes. 
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Indications of such action are to be found in the slickensided 
faces in the till to which Mr. Geikie applies the term “ striated pave- 
ments.” These closely resemble the appearances presented by the 
faces of divisional planes in any rocks near faults, the striation 
in both cases being due to the slipping in the plane of least resist- 
ance of one part of the rock over another under great pressure ; the 
only difference in the two cases being that in the case of fault slicken- 
sides, the greatest pressure was applied horizontally, and the stria- 
tions, therefore, run in a vertical plane ; while in the till the pressure 
being applied vertically downwards, the plane of least resistance lay 
horizontally, and the movement has consequently taken place in 
that direction. 

But the contorted and crushed stratified beds associated with the 
till afford the best proof of the down settling of the ice sheet. 

In these beds we often find repeated alternations of beds which 
are little if at all disturbed, between bands of occasionally only two 
or three inches in thickness, in which the laminz are so violently 
puckered and contorted that the lines of deposition are often bent 
three or four times in succession over each other within a few inches. 
These appearances, too, seem to be almost invariably accompanied 
by the ‘striated pavements,” and by innumerable faults of very 
small downthrow. 

Probably the true explanation of most of these contorted bands is 
that they are due to the periodical settling down of the ice upon the 
top of pliant strata, which had not had time to reach the same stage 
of consolidation as those immediately below. They, therefore, yielded 
readily under the pressure of the superincumbent mass of ice, pro- 
ducing the wildest confusion of the stratification as far downwards as 
the more easily squeezed beds extended; but not affecting those 
beneath to any great depth, as must inevitably have happened had 
the puckerings been due to the impact of a great mass of floating ice 
in the way often suggested. 

When the ice again came to rest, the quiet deposition of the beds 
would again go on, and the crushed, contorted, and faulted beds 
would be again covered up with undisturbed strata, which again in 
their turn might be succeeded by another set of crumpled beds 
without being themselves affected by the causes which disturbed the 
overlying strata. 

Sands and gravels would not exhibit these phenomena in as 
marked a way as the accompanying laminated clays, but they also 
bear some traces of the same irregular downward pressure. 

It was remarked above that the sand and gravel mounds, even 
when they have all the characteristics of eskers, are frequently seen 
to be moulded over bosses of rock, and to spring from headlands in 
the same way as spits of sand and gravel project seawards from 
the middle piers of bridges over shallow rivers, and are heaped up 
midway between the currents which come through the arches. 

In addition to this, the occasional presence of patches of till and of 
well-glaciated boulders in the mounds—the conformity between the 
- outer form and their internal structure, and the general resemblance 
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to the drumlins in everything but in the proportion of water-sorted 
material, and in their more irregular and steeper sided form—all in- 
cline one to the belief that these sand and gravel mounds have accu- 
mulated in the same way as the closely related and adjoining 
drumlins. 

Had they originated as the terminal moraines of the retiring ice- 
sheet, there seems to be no reason why they should so often exhibit 
the peculiarities mentioned above. 

Were the heaping up of the gravel over rock mounds merely an 
accidental circumstance, and the mound but the remains of a once 
continuous plain, we ought to find, in all cases in which it occurs, 
the lowest talse-bedding planes inclined at the highest angles, and 
there should be a gradual approximation to horizontality in any 
given bedding plane in proportion to its distance from the under- 
lying rock ; instead of which, in all the examples that have hitherto 
come under my notice, the principal false-bedding planes either 
coincide in slope with that of the under-lying rock surface, or, more 
usually, they exceed it in inclination. 

I am therefore inclined to think that the eskers originated in the 
way I have suggested ; that is to say, that their position in the first 
instance was determined by the mounds upon which they stand 
having been high enough above the stronger currents of the sub- 
glacial streams to allow of the occasional heaping up of sand and 
shingle washed out of the accumulating till higher up the valley, or 
carried down from the surface. As the ice wasted, the vast quantities 
of water-worn material, continually melting out of its surface, would 
be washed down the moulins and crevasses to the bottom, where, if 
they descended upon mounds out of the reach of the levelling action 
of the stronger parts of the sub-glacial streams, they would remain 
nearly as at first thrown down; whilst the detritus which fell into 
the channels would speedily be swept away to lower levels, leaving 
nothing but the bigger blocks to mark their former presence on the 
spot. This process, long continued, would give rise in the end—as 
the last touches would be given to their form as the ice-sheet was 
upon the point of vanishing—to those strange hummocky mounds, 
the land-locked hollows in which have been so sore a puzzle to all 
geologists who have looked thoughtfully into the matter. 

I cannot, therefore, avoid the conclusion that all, or nearly all, the 
forms of drift with which I am acquainted, or have read of, save, 
perhaps, some of the low level moraine beds, and the tiny moraines 
of the few glaciers which came after the melting of the ice-sheet, 
have originated in the course of long periods of time beneath the 
ice-sheet in the way detailed above; and the conclusion seems 
equally inevitable that the organic remains entombed in the ice 
would be left in the same way as were the accompanying stones, at 
all elevations up to the highest points reached by the ice; and that, 
therefore, the presence of marine exuviee in stratified, or other drift, 
at whatsoever elevation they may be found, does not in itself prove 
that in Glacial or Post-Glacial times the places where they occur 
were ever reached by the sea. 
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IV.—Norrs on somME SrnurRIAN ENToMOSTRACA FROM PEEBLESSHIRE.! 
By Professor T, Rurerr Jonzs, F.R.S., F.G.S. 


OME specimens of dark olive-grey mudstone from Peeblesshire, 
collected and shown to me by Mr. D. J. Brown, contain several 
internal and external casts of small bivalved Entomostraca. 


Fie. 1. Bairdia 2? Browniana, right valve. 
» 2a, Beyrichia impendens ; left valve. 
», 25. B. impendens, var. tuberosa; right valve. 
» 38. Primitia protenta; right ? valve. 
» 4a. Entomis aciculata; right valve. 
», 46. E. aciculata; right valve, crushed. 


(All magnified about six diameters.) 


1. Bairdia ? Browniana, Jones, 1871, MS. [ Fig. 1.]—Two internal 
casts; fusiform, with one margin [dorsal ? | more convex and more 
sinuate than the other, and with one end much more acute than the 
other, which is narrow and neatly rounded. Length of valve, ae 
inch; breadth or height, th inch. | 

This small and somewhat obscure form most nearly conforms in 
shape with some of the elongate subtriangular fossil “ Bairdie,” 
such as B. siliqua, Jones, and some of the recent Macrocypride, ete. 
Tn its size, however, and (as far as can be seen in the casts) in its 
shape and proportions, it differs from all the other forms; it may, 
therefore, be catalogued as Bairdia ? Browniana, taking its name from 
its discoverer. The very minute, elongate, Silurian Cythere Grind- 
rodiana (Annals Nat. Hist. ser. 4, vol. ili. p. 212, fig. 1) is readily 
distinguished from this Bairdia-like species. 

2. Beyrichia impendens, Jones, 1869, “On the Paleozoic Bivalved 
Entomostraca,’”’ Proceed. Geol. Assoc. 1869, p. 11, figs. 4a, 40. 
[ Figs. 2a. 20. | 


This variable little Beyrichia is represented among Mr. Brown’s 
specimens from Peeblesshire by casts of several individuals, in which 
the dorsal furrow is variously developed (and altered by crush), as 
well as its associated tubercle. In some specimens one side (hinder) 
of the furrow is so much elevated as to form an additional though 
small tubercle, making an unequal pair with the other or usual 
tubercle in the bosom or anterior curve of the furrow; thus ap- 


1 Reprinted, with woodcut added, and correction, by permission, from the “ Trans- 
actions of the Geol. Soc. Edinburgh,” vol. il. part 2, 1874. 
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proaching Primitia mundula in its bituberculate furrow. We will 
name this variety tuberosa. 

All these specimens of B. impendens are rather more oblong than 
those met with in the Pentland Hills; and the three lobes of the 
valve are not so distinct. Length of valve, 1,th ; breadth, 2.th inch. 

3. Primitia’ protenta, sp. nov. [Fig. 3.]|—One cast is decidedly 
referable to an elongate-oblong, convex valve, with a centro-dorsal 
furrow and a pair of small distinct symmetrical tubercles, one on 
each side of it, along the middle line of the valve. 

This is longer than B. impendens and its variety above mentioned, 
and more symmetrical; for it must have been almost cylindrical in 
the perfect state of united valves; and its two tubercles are lower 
down, further apart, sharper, and more equal than in ZB. impendens, 
var. tuberosa. Length of valve, 2,th ; beadth, =1,th inch. 

4. Entomis decculate Jones, 1871, MS. Annals Nat. Hist. 1878, 
ser. 4, vol. xi. p. 416; Monthly Microscop. Journ.? 1873, vol. x. p. 
76. [ Figs. 4a. 40. ] 

Several casts indicate a small Entomis related to E. impendens, 
Haswell (“On the Silurian Formation in the Pentland Hills,” 1865, 
p- 38, pl. 3, fig. 11), but narrower and more pointed in front, and 
bearing a subcentral pointed tubercle, or spine (well-marked on 
some external moulds of the valve), low down, and in front of the 
long transverse furrow, which is characteristic of the genus. Length 
of the valve, th; breadth, 1th inch. 
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I.—On tHE SriuriAn Leperpitim or Russia, etc. By Macistrr 
Fr. Scumipt. [Miscellanea Silurica. I. Ueber die russischen 
silurischen Leperditien, mit Hinzuziehung einiger Arten aus dem 
Nachbarlandern. Von Mag. Fr. Schmidt, Mem. lAcad. Imp. des 
Sciences de St. Pétersbourg, vii. série, vol. xxi. no. 2. 1873. | 


N this monograph of the Leperditie of Russia and the neighbour- 
ing countries, M. Fr. Schmidt has revised the known Leperditie 
and Jsochiline, and has added several new species. He figures and 
describes three Jsochiline :—I. Biensis (Grunewald), L. punctata 
(VHichwald), and 7. Maakii, nov. sp.;. and ten Leperditie :— 
L. grandis (Schrenck), L. Barbotana, sp. n., L. Tyraica, sp. n., L. 
Angelini, sp. u., L. Balthica (Hisinger), L. Hisingeri, sp. n., L. Hich- 
waldi, sp. n., L. Wiluwiensis, sp. n., L. parallela, sp. n., L. marginata 
(Keyserling), L. Keyserlingi, sp. n. 

Isochilina punctata and some Primitie, but no true Leperditia, 
have been yielded by the Lower Silurians of Russia. In the 
lower zones of the Upper Silurian, characterized by the smooth 
forms of Pentamerus (zones 4, 5, and 6 of the Hsthonian series), 
Leperditie abound; ZL. Hisingeri occurring in all. In Gothland 

1“ Beyrichia,” by inadvertence, in the former description. 


2 In the memoirs here referred to, “‘the Pentland Hills” are given by mistake, 
instead of Peeblesshire, as the locality. 
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this species is found in zones 4 and 5; and Z. Keyserlingi only 
in zone 5. The true ZL. Balthica is confined to Central Gothland. 
In Russia the limestones with smooth Pentameri contain LZ. marginata ; 
and in Siberia Z. Wiluiensis, LZ. parallela, and Isochilina Maaki. 
Leperditia Hichwaldi is met with between zones 7 and 8. In some 
localities Z. Angelini is one of the most numerous of the fossils. Z. 
grandis has been found near Liimmada, together with Z. Angelini, 
and in the Uppermost Silurian of the Isle of Gothland. The same 
strata, with Z. Tyraica (a form comparable with the American L. 
alta of Conrad), exist along the Dnieper in Volhynia and Podolia. 
Tsochilina Biensis has been met with near Slatoust in the Upper 
Silurian, with Peniamerus Baschkiricus; and Leperditia Barbotana 
at a somewhat more northern locality, in a rock with Leperditie 


only. T. R. J. 
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II.—Tasourar Virw oF THE CLASSIFICATION OF THE LABYRINTHO- 
ponta.’ By L. C. Mratt. 
AMPHIBIA. | 
LABYRINTHODONTA. 
A.—Centra of dorsal vertebre discoidal.?—Genera 1 to 27. 
I.—Evetyera. Cranial bones strongly sculptured. Lyra con- 
spicuous. Mandible with well-developed post-articular process. 
Teeth conical; their internal structure complex; dentine much 
folded. Palato-vomerine tusks in series with small teeth. Short 
inner series of mandibular teeth. Sculptured thoracic plates, with 
reflected process upon the external border. 
* Palatine foramina large, approximated. 
+ Mandible with an internal articular buttress. 
t Orbits central or posterior. 
. Mastodonsaurus, Jager. 
. Capitosaurus, Munst. 
. Pachygonia, Huxley (?). 
. Eurosaurus, d’Hichwald (?). 
. Trematosaurus, Braun. 
. Gonioglyptus, Huxley. 
tt Orbits anterior. 
7. Metopias, Von Meyer. 
8. Labyrinthodon, Owen.? 
+} Mandible without internal articular buttress. 
9. Diadetognathus, Miall. 
*%*%* Palatine foramina small, distant. 
10. Dasyceps, Huxley. 
11. Anthracosanrus, Huxley. 
JI.—Bracuyormpa. Skull parabolic. Orbits oval, central or 
anterior. Post-articular process of mandible wanting (?). 


pen 


Oo Or HH © bo 


1 Presented to the Geological Section of the British Association at Belfast, August, 
1874, by the Committee on the Labyrinthodonts of the Coal Measures. 

2 This character is not of primary importance, but seems to be available for an 
arrangement determined by other considerations. 

3 Orbits unknown. 
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12. Brachyops, Owen. 

13. Micropholis, Huxley. 
14. Rhinosaurus, Waldheim. 
15. Bothriceps, Huxley. 

JiI.—Matacocyna. Skull vaulted, triangular, with large postero- 
lateral expansions. Lyra consisting of two nearly straight longi- 
tudinal grooves, continued backwards as ridges. Orbits large, pos- 
terior, irregular. ‘Temporal depressions, passing backwards from 
orbits. No post-articular process to mandible. 


* Teeth with large anterior and posterior cutting edges. 
16. Loxomma, Huxley. ~ 
17. Zygosaurus, d’Hichwald. 
TV.—Aturooponta. Maxillary teeth wanting. Vomerine teeth 
ageregated. Orbit imperfect. 
18. Batrachiderpeton, Hancock and Atthey. 
19. Pteroplax, Hancock and Atthey.? 
[V.—An uncharacterized group for the reception of some or all of 
the following genera. | 
20. Pholidogaster, Huxley. 
21. Ichthyerpeton, Huxley. 
22. Pholiderpeton, Huxley. 
23. Erpetocephalus, Huxley. 
VI.—Arcuecosauria. Von Meyer. Vertebral column notochordal. 
Occipital condyles unossified. 
24. Archegosaurus, Goldfuss. 
25. Apateon,® Von Meyer. 
B.— Centra of dorsal vertebra elongate, contracted in the middle. 
VII.— Hetzorurepta.—Skull triangular, with produced, tapering 
snout. Orbits central. Mandibular symphysis very long, about 
one-third of the length of the skull. 
26. Lepterpeton, Huxley. 
VIII.—Nectripra.—Epiotic cornua much produced. Superior 
and inferior processes of caudal vertebree dilated at the extremities 
and pectinate. 
27. Urocordylus, Huxley. 
28. Keraterpeton, Huxley. 
TX.—Arstopopa. Limbs wanting. 
29. Ophiderpeton, Huxley. 
30. Dolichosoma, Huxley. 
X.—Microsavria, Dawson. Thoracic plates unknown. Ossifica- 
tion of limb-bones incomplete. Dentine non-plicate, pulp cavity large. 
31. Dendrerpeton, Owen. 
32. Hylonomus, Dawson. 
33. Hylerpeton, Owen, 
1 Loxomma. 
2 The vomerine teeth are unknown, and this genus may therefore require to be 


removed. 
3 Of doubtful distinctness. 
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III.—Grotocy or New ZraLanp. 


TABLE OF THE SEDIMENTARY ROCKS OF NEW ZEALAND. 


By Capt. F. W. Hutron, F.G.S. 


PROBABLE AGE. 


PLEISTOCENE 


NEWER 
PLIOCENE §$ 


UPPER 
MIOCENE 
LOWER 
MIOCENE 
UPPER 
EOCENE 
UPPER \ 


CRETACEOUS $ 


MIDDLE 
JURASSIC 

LOWER 
JURASSIC 

TRIASSIC 


PALAOZOIC ¢ 


| 


FORMATIONS. 


Alluvial Deposits... O 


Wanganui Formation O 


PareoraFormation QO = 


Ahuriri Formation O 


OamaruFormation O 


CHARACTERISTIC FOSssILs. 


| 


Waipara FormationO 


Putataka Formation 


O 


Maitai Formation 


Wairoa Formation (?) 


Kaikoura Formation 


Tuamarina Formation 
Wanaka Formation 


Manipori Formation 


= 


| | 
| 


L plants. 


Dinorntis, etc., Mactra rudis. 


Pleurotoma Wanganuiensis, Chione 
assimults. 


Buccinum Robinson, Struthiolaria, 
Cerithium rugatum. 

Corbula dubia, Turritella brcincta, 
Chione vellicata, Solenella australts. 

Struthiolaria tuberculata, Turbo su- 
perbus, Cardium spatiosum. 

Crassatella ampla, Pecten Triphooki, 
Ostrea ingens. 


{ Pleurotoma hebes, Scalaria rotunda, 


Struthiolaria senex. 

Panopea plicata, Fecten Hochstetleri, 
Pecten Hutchinsone. 

Waldheimia gravida, Terebratella 
Ganetert, Hemipatagus forniosius, 
Meoma Crawfordi, Schizaster rotun- 
datus. 


Plesiosaurus, ete. 

Belemnitella, Conchothyra parasitica, 
Trigonia, Inoceramus Haastit. 

Aporrhais, Dosina, Ducotyledonous 

Dammara. 

Belemnites Auclandica, Astarte Wal- 
lumbillaensts. 

Polypodium Hochstettert, Teniopteris, 
Alethrobterts. 

Ichthyosaurus, Inoceramus, Spirifera. 


Monotis salinaria. Halobia lomelli. 


Orthis. Corals, ete. 


Orthoceras, etc. 


Composed entirely of Crystalline 
Schists. 


© Contemporaneous eruptive rocks occur in these formations. 


Coal is found in these formations. 
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IV.—JAHRBUCH DER K. K. GmoLoGiscHEN REIcHsaNnsTaLT. Wien, 
1873. Band 238. Heft 2. 


1.—Geologische Studien in den Tertiirbildungen des Wiener Beckens. 
[16.] Hin geologisches Profil aus der Bucht von Berchtoldsdorf. 
(pp. 117-1382.) By Fexrx Karrer. 


The sinking of six wells in a continuous line has shown clay 
alternating with *“ Leitha-conglomerate.” Samples from both beds 
were examined for organic remains in each sinking. Foraminifera 
constitute the bulk of the lists and their degree of abundance in 
each case is very carefully set down, and finally embodied in a 
table. 


[17.] Das Alter des Rohrbacher Conglomerates. (pp. 132-186.) 
By Freprx Karrer. 


Excavations for the foundation of a bridge have shown that this 
conglomerate rests on a clay, in which the author found the following 
Foraminifera: Nonionina granosa, Polystomella obtusa, and Hauerina. 
These prove that the clay belongs to the “‘Sarmatic” horizon; hence 
the conglomerate is newer than the Leitha-conglomerate, and may 
possibly belong to the Congeria-beds. ID ey Sus 


2.—Beitrdge zur topischen Geologie der Alpen der Rhaetikon (Vorarl- 


berg). (pp. 187-174, with a geological map and plate of sections.) 
By Dr. Ep. von Mogstsovics. 


In referring to the break produced in the Trias deposits by the 
Rhine valley, the author argues against the notion of their having 
once been present on both sides of the valley, and their absence on 
the west side being due to dislocations and denudation. He infers 
that this line marks rather the original boundary; and points out 
the transgressive character of the Trias deposits on the east side, and 
again that on the west side the Verrucano (Dyas) is overlain by 
Lias; moreover, in the Vorarlberg, the strike of the Trias beds, 
which in the eastern district has been mostly east and west, verges 
round to an almost north and south direction. This paper, besides 
new facts, contains many suggestions on theories of Alpine elevation. 

RK. B. T. 
3.—Der Graptolithen-Schiefer am Osternig-Berge in Karnien. (pp. 
175-248.) By Dr. Guipo Sracun. 


Controverts views of Prof. Suess, according to which certain mica- . 
schists and granites which occur in them (e.g. Cima d’Asta granite) © 
are all of Carboniferous age; these schists being by him grouped as 
Casanna-schists. and placed above the Carboniferous beds of the 
Stangalp. Stigmatizes these assertions as too speculative, and shows 
that the Casanna-schists instead of being simply Upper Carbonifer- 
ous, contain other and much older beds, probably in the Casanna 
district, and indubitably in the Gailthal. ‘The Graptolites found in 
schists at Osternig-Berg show beds of the age of the Coniston flags. — 
The Upper Silurian is also represented, as shown by fossils; and 
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above are more schists, which may perhaps be Devonian. The 
crystalline schists of the Gailthal, erroneously attributed to the 
Carboniferous, are in an unconformable position below the older 
Greywacké, which last far. surpasses the Carboniferous beds in 
importance. Boil: 


4.—[ Heft 3.] I. Ueber das Verhéltniss der béhmischen Steinkohlen- 
zur Permformation. (pp. 249-282, with a plate of sections.) By 
Dr. O. FristmantE.. 


Notices the occurrence of workable coal-beds in Bohemia of 
Permian age. ‘The lower part of the series contains the coal-seams, 
but both the upper and lower beds contain plants usually considered 
typically Carboniferous, e.g. Stigmaria ficoides, Sigillaria alternans, 
Alethopteris Serlii, Pecopteris arborescens, deutata, and oreopteridis, 
Sphenophyllum Schlotheimit, Calamites Suckovit, etc., mixed with some 
Permian plants. The Permian coal-beds are separated from the 
Carboniferous beds below by shales with characteristic Permian 
animal remains. These Bohemian lower Permian beds may be 
paralleled according to our author with the beds containing Archego- 
saurus in the Saar and Rhine district, which he also considers Dyas, 
and which lie upon the true Saarbriicken Coal-measures. HH. B. T. 


5.—Basalt -Vorkommnisse in Méhrisch-Ostrauer Steinkohlenbecken. 
(pp. 282-288, with a map.) By J. NrepzwiEpzx1. 


Hruptive dykes occur in the coal-basin of Ostrau (Moravia), and 
have in one case turned coal into columnar coke. The rock has the 
outward characters of Basalt, and microscopic examination confirms 
this determination. HB a: 


6.—Ueber das Vorkommen tertidrer Bildungen im oberen Marizathal. 
(pp. 289-294, with a sketch-map.) By Anron PEtz. 


A contribution to the geology of the country between the Balkans 
and Mount Rhedope. Tertiary beds, Nummulitic, etc., had not been 
noticed before in this basin. E. B. T. 


7.—Bettriige zur Geologie der Fruska Gora in Syrmien. (pp. 295-316.) 
By Dr. Oskar Lenz. 


The Fruska Gora is one of a low chain of hills that rise out of the 
plain between the rivers Save and Danube, near the fortress of Peter- 
wardein. The nucleus of the range consists of crystalline schists, 
interrupted by two principal bands of serpentine. The Trias is very 
sparsely represented, and the Jurassic beds not at all. Tuff beds, 
containing Upper Cretaceous fossils, of Gosau type, are the next 
stage met with. Then follow fossiliferous and lignite-bearing beds 
of Aquitanien age, one bed of coal being 9ft. thick. Above come 
Leitha-conglomerate, Sarmatic, and Congeria-beds, as in the Vienna 
basin, some being very fossiliferous. E. B. T. 
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REVIEWS. 


I.—A Buriat PLAcr OF THE ANCIENT CAVE-FOLK OF THE PYRENEES, 
OVERLYING HuarrH-sturr containing Human Rematns, ETC. 
By Lovis Larrer and CuapLain Duparc. (Une Sepulture des 
anciens Troglodytes des Pyrénées, etc.) 8vo. pp. 67. (Masson, 
Paris.) 


HE study of Prehistoric Archeology is one of comparatively 

modern origin. As a distinct branch of scientific research, it is 

only within late years that it has attracted notice, chiefly, perhaps, 

because of the previous want of that tangible evidence afforded by 

actual discoveries of human life and handiwerk which have, since the 

beginning of the century, been yearly increasing in number, and 
more earnestly and persistently studied. 

The pamphlet written by MM. Lartet and Dupare furnishes us 
with another most valuable addition to our literature on the subject ; 
valuable, not merely because of the actual detailed information given 
us, but because the authors have given their reasons for considering 
the deductions, as to the history of these early races, trustworthy 
and sound. 

The opponents to the theories supported by M. Lartet have seized 
with avidity any facts that could support their own hypothesis. Dr. 
Schliemann’s discoveries in the Troad, where stone implements were 
found with ornaments and figures of a high type of art, have led 
them to bring the “‘Stone Age,” and hence that of ‘‘ Cave Man,” 
within historic times. 

It is justly asked by our authors why, if such be the case, should 
the valleys of Syria and Phcenicia contain both undoubted traces of 
prehistoric habitations, and weapons identical in type and character 
with those employed by the old hunters of Aquitaine, and equally 
recognized remains known to be of a far later date ? 

Science is, after all, but ‘facts generalized”; and the arguments 
in favour of such a view as the authors advocate are based, as 
they clearly assert, on facts on which a theoretical superstructure 
is erected,—a vastly different thing, be it remembered, from an 
hypothesis founded on possibilities only. Still, the question is un- 
doubtedly discussed in general from two exaggerated grounds; one 
side boldly, but somewhat rashly, placing the appearance of man far 
back into the Tertiary geological period ; the other insisting that our 
history and our traditions fix the exact limit of his early existence. 

Taking (say our authors) as a fair assumption, that man could 
exist in the Miocene period, inasmuch as both fauna and flora are 
types of those existing at the present time, it is only necessary to 
recognize that a change of temperature and alterations in the relative 
level of land and sea, of which there is sufficiently good evidence, not 
even questioned by the opponents to the theory of the existence of 
pre-historic races, would at once provide the conditions under which 
these races could have lived. 

The facts on which the theory of the very early existence of man- 
kind is based appear to be these (page 6, etc.). 
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1. The drifted materials, called “Quaternary” or “ Diluvial,” 
and contemporary with the gradual excavation of our valleys, con- 
tain instruments of flint, the work of human hands. 

2. After the formation of the valleys and the sinking to nearly 
their present level of the waters that had formed them, and before 
the extinction, or the emigration to colder climates, of the flora and 
fauna which characterize the Quaternary period, the caverns in these 
valleys were occupied by a race of hunters, who used for arms and 
implements worked bone or fragments of flint. Later in their history, 
their implements are found engraved with sufficiently faithful repre- 
sentations of the animals they pursued in the chase; but apparently 
the potter’s art was unknown to them. 

3. After the occupation of the caves and rock-shelters by these 
reindeer-hunters, and the extinction or emigration of the animals on 
which they lived, a race more advanced in civilization took possession 
of them, and left, in the fragments of pottery and instruments of 
polished stone, traces of a higher degree of civilization. 

4, This race was followed by others, who built the Megalithic 
monuments ascribed to Druidic worship, and who, in burying 
their dead, whether in cavern’ or otherwise, raised tumuli of earth, 
or cairns of rough stones, to mark their primitive sepulchres. These 
races were migratory in their habits, and followed from north to 
south the coasts of Western Europe. While stili using stone for 
their implements, they, through contact with the more highly 
civilized nations of the southern seas, were enabled to procure 
bronze, which was, as a general rule, fashioned into ornaments only. 

5. This metal speedily, whenever practicable, replaced the ruder 
implements of stone; but the quantity to be procured varied so con- 
siderably with the locality, that in many places it was looked on as 
too valuable for weapons; and, as a rule, stone continued to be the 
chief source of supply for hard tools or weapons. 

6. Finally, towards the end of the previous “age,” that is to say, . 
when bronze, by commerce or by actually a more advanced stage of 
civilization, became more generally used, there appeared on the 
slope of the Alpine ranges races who used swords of iron ; and from 
that time forward bronze took a secondary position, and iron became 
the material for the arms of the warriors. ‘This brings us down to 
historic times, and we have passed from the men who probably saw 
in activity the volcanic mountains of Auvergne, or the great glaciers 
of the Jura and the Vosges, to the Gaul, who threw his iron sword 
into the balance which weighed the ransom of Rome. 

It is difficult, we may remark, to indicate any distinct line of 
demarcation between these different periods. Necessarily in later 
times the exchange of materials became the earliest type of com- 
merce. But it seems impossible to imagine that these successive 
and sufficiently distinct traces of life should be that of one and the 
same race. In the struggle for existence in early times the extinction 
or emigration of animals, and consequent disappearance of the means 
of livelihood, would naturally lead to a change of locality of races 
who used them for food. The difference of level at which the relics 
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are found, the superposition of different types of implements, must 
surely prove something; and it is, to say the least, unnatural to 
assume that a race of low civilization would persist in remaining in 
a neighbourhood deserted by the animals on which it lived, and alter 
at once its habits, its weapons, and its life. 

Nor is it easy to fix the precise line of demarcation between these 
Troglodytic races and those who, more advanced in civilization, 
constructed the Dolmens and the Tumuli of France or Iberia. Only 
more extended research —a more complete collection of facts — 
can do this. So far, we only know that the caverns, such as 
those described in M. Lartet’s brochure, contain chiefly stone or 
bone, as characteristic of the “ 'Troglodytic race ;’ while the suc- 
ceeding, but still archaic, ‘‘ Dolmenic” race can now be identified 
as distinct from the next (“Tumulic”), or those whose places of 
sepulture are indicated by tumuli only, by the fact that they formed 
ornaments of bronze, and weapons of stone rather than weapons of 
iron. 

The discoveries which form the subject of the elaborate and well- 
illustrated pamphlet before us consist of a series of caves, with evi- 
dences of human existence, which occur near Sorde, at the base of 
the escarpment of Nummulitic Limestone forming the peninsula 
separating the Gave de Pau and the Gave d’Oloron, the principal 
affluents of the Adour. The main limestone ridge presents indica- 
tions, in tumuli and entrenchments, of early occupation, both by the 
Romans and by races far anterior to them; but the remains found 
therein are of far later date, and present a much higher type of 
civilization, than those discovered in the more primitive dwellings at 
the foot of the high defensible land. 

The caves, as far as the present researches have extended, are five 
in number; the first three having been opened by M. Raymond 
Pottier in 1872-8, and the fourth and fifth since that date. The last 
— described by MM. Lartet and Dupare as the “ Grotto Duruthy,” 
after the proprietor of the land—was the richest in remains, and 
forms the subject of the memoir. 

In each instance the hollows were natural cavities under the 
overhanging rock, and, though, from the pile of débris accumulated 
outside them, itis possible they were once larger, that is to say, before 
the front edge of the superincumbent mass had crumbled or broken 
away, they must have been of small capacity ; and now the Duruthy 
Cave measures only about 25 to 80 feet by 6 feet. 

The great value of this pamphlet lies in the very complete manner 
in which well-authenticated instances of the mode of life of existing 
races are introduced to give means of comparison, and basis for theo- 
retical discussion. 

J. G. Georgi’s book, published in 1776, descriptive of the various 
races forming the vast Umpire of Russia, is quoted to furnish us with 
descriptions of the life and habitation of the nomadic and barbarous 
tribes that, subsisting by reindeer-hunting and fishing, line the 
coasts and inlets of the Northern seas. 

Finns and Wogouls, Tchouktsches and Kamschatsdales, living by 
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fishing and the chase, inhabit frequently mere caves and hollows in 
the rocks, before which they hang the skins of reindeer; and 
which they furnish, as well as they can, with driftwood, skins, and 
mats. Their arms are sharpened stones, their arrows, and lances 
pointed with cut bones of animals or the sharp bones of fish. Some 
even of the Esquimaux and T’chouktsches carve on the teeth of 
animals sketches of the products of the chase, and share, with all 
similar races, the habit of fracturing the bones to extract the marrow. 

Such undoubted evidence as this supplies matter for reasonable 
comparison for the caverns of Sorde. There, too, is an equal absence 
of metal as a material for weapons. There, too, the bony fragments 
bear on them ‘‘owner-marks,” and sculptures which, though roughly 
executed, are definite and clear. There, again, flints, worked into 
artistic shapes in some instances, and roughly broken to form scrapers 
or lance points in others, are sufficiently plentiful. 

That generations, or even perhaps races of Troglodytes have in- 
habited these countless excavations of Sorde, is evident from the 
layers of burnt ashes and reddened earth marking the sites of 
fires; between which are the gradual accumulations of soil and 
refuse, the result of the decomposition of the limestone rock and 
other natural causes. The successive inhabitants, too, seem to have 
been singularly incurious. Rarely have the lower remains been dis- 
turbed by the later people; and where they have been moved, the 
presence of bones and skulls of foxes, which to the present day 
make their burrows in these hollows, is enough to account for the 
occasional irregularity of the deposits. This more particularly 
applies to the human skeletons which in the higher levels of ac- 
cumulation were so numerous as to show that the final utilization of 
the caves had been for sepulchral purposes. 

The lower stratum contained the most interesting relics; for about 
fifty teeth of the Lion and Bear were found, all of which were 
pierced for stringing, and marked either with lines in continuation 
of the fissures in the enamel, or by zigzag, cuneiform, sagittate, or 
other marks. Mr. Lartet attributes no especial meaning to these 
marks, signs, or ornaments, but notices the symmetrical position of 
some as pairs, one on each side of the tooth. 

Whether rough attempts of the draughtsman in his first effort at 
combining the straight lines easily made by a rough flint tool, or, as 
suggested by Professor T. Rupert Jones, F.R.S., in his exhaustive 
paper on such markings,’ indications of ownership, tallies, or 
gambling marks, similar, in themselves unmeaning, marks are found 
on the tools and weapons of existing Northern races. ' Sufficiently 
distinct outlines of Pike and Seal are boldly cut on two of the 
Bear’s teeth; and, curiously enough, there are on the sides of one 
tooth roughly executed drawings of hands encased in mittens, 
similar to those of the reindeer-hunters of Perigord, or, to compare 
them with existing types, of the same kind as those worn by Esqui- 
maux and others, who, as hunters of seal and deer, inhabit the 
borders of the frozen seas. 


1 “ Reliquize Aquitanice,”’ livr. xill., p. 183, ete. 


522  Reviews—Prof. Nicholson's Paleontology of Ontario. 


The second definite layer, on which were traces of fire, contained 
bones of Ruminants, especially Ox, Deer, and Reindeer, with a few 
bones of the Horse; while the worked flints were of the types 
found at la Madelaine and Laugerie rather than in the more ancient 
caves of Le Moustier and Cro-Magnon. 

As time went on, the lower part of the cave became filled with 
débris, until it could no longer afford sufficient shelter; and the 
mere niche now left was used as a place of sepulture. Relics of 
more than thirty bodies were found in the further part of the exca- 
vation; and, from the Dolichocephalic type of the skulls, they 
appear, at first glance, to be coeval with those of Cro-Magnon; but 
the fact of the bone ornaments being carved with representations of 
animal life, and so forth, would at once put them as of more recent 
date than those remains. The bone implements were such as are 
classed under the “ polished stone age.” The flints were of two 
kinds,—one of a rude and early type, mere flakes or scrapes; the 
others highly finished and, to a limited extent, polished, being by no 
means inferior in workmanship to those discovered in the “long 
barrows” of Cumberland and Yorkshire. 

It does not follow, therefore, that the lowest strata and the place 
of burial contain relics of two separate races ; that, in fact, successive 
and distinct waves of population have swept over the valley of the 
Adour. The nature of the superposition of the successive habitations 
would rather tend to show that the ancient inhabitants of the caves 
of the Sorde peninsula were but different branches of the same race, 
and that the descendants of those who sculptured bear and lion’s 
teeth, when the caverns were places of habitation, were the ancestors 
of those who had lingered on to the days when the implements of flint 
were made beautiful in form and artistic in workmanship (fig. 25). 

The pamphlet completely bears out this assumption, and the num- 
ber and careful nature of the illustrations furnish us with accurate 
data for the ccnsideration of the theory so ably advanced and so 
completely discussed by MM. Lartet and Dupare. 


C. Coorrr Kina. 


IJ.—ReEport Upon THE PaLmonrotocy OF THE PROVINCE OF ONTARIO. 
By Prof. H. A. Nicnousoy, M.D., F.R.S.E., F.G.S., etc., ete. 
8vo. illustrated, pp. 180. (Toronto: 1874, Hunter, Rose, & Co.) 


se this Report Prof. Nicholson describes, and for the most part 

figures, the fossils that he collected during the year 1873, in 
the Devonian rocks of Western Canada; and in this work he has 
been aided by a grant from the Government of Ontario. 

The specimens described come mostly from the Lower Devonian 
series (Oriskany Sandstone and Corniferous Limestone), but the 
Hamilton Group was also examined. 

Altogether 160 species are described, viz. :—Protozoa, 6 species ; 
Coelenterata, 70; Brachiopoda, 43; Polyzoa, 20; Lamellibranchiata, 
1; Pteropoda, 1; Gasteropoda, 12; Annelida, 3; Crustacea, 4. Some 
of these have already been described and figured by the author 
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during the present year in the GroLoGicaL Magazrnu,! whilst many 
are referable to species which have been previously described by 
various authors in different publications. 

The following seventeen species are, however, altogether new, 
having never before been described in any work, viz. :—-Heliophyllum 
prolificum, Syringopora intermedia, Productella Hriensis, Leiorhynchus 
Huronensis, Fenestella magnifica, F. marginalis, I. fiiliformis, Platyceras 
uniseriale, and two other species of Platyceras, too fragmentary to 
be definitely determined, Strophostylus (?) sub-globosus, S. (?) ovatus, 
S. obliquus, Holopea Eriensis, Helicotoma serotina, Spirorbis Arkonensis, 
and Ortonia intermedia. 

The work is abundantly illustrated with woodcuts, and there are 
eight plates besides, in which are figured the more important 
specimens and some of the new species. 

All the illustrations are well executed, and would have shown much 
better had they not, through some mistake of the printer, been 
printed on an inferior quality of paper. With the exception of two 
of the woodcuts, all the figures are original. 

By the publication of this report, Dr. Nicholson, who has already 
contributed so much to our knowledge of Canadian paleontology, 
has laid us under a yet further obligation; the book will doubtless 
be highly acceptable to all who are interested in American geology. 


REPORTS AND PROCHHEDINGS. 


Groxtocists’ Assocration, Lonpon. 
Henry Woopwarp, Esq., F.R.S., President. 


Excursion To CHELTENHAM. 
HE London Geologists’ Association made their Midsummer ex- 
cursion to Cheltenham; and, at the suggestion of the President 
and Secretary, Dr. Wright, F.R.S., was requested to draw up a pro- 
gramme for five days and undertake the direction of some of the 
€XCUTSIONS. 

On the arrival of the party on Monday, the 20th July, they were 
conducted to the School, near the Station, and partook of a sub- 
stantial lunch,—time not permitting them to go into the town,—and 
at three o’clock they again took the train for Churchdown. Dr. 
Wright's object was to give the members a physiographic picture of 
the Severn valley. He first guided them to the summit, and ex- 
plained the western side of the panorama from the Abberley Hills in 
the north, along the Malvern chain in the west, and the May-hill 
and Dean Forest on the south-western horizon ; he pointed out the 
structure of these hills, which give a key to a right understanding 
of the varied features of the surrounding country. The valley next 
engaged the attention of the Director; he pointed out the area 
occupied by the Keuper beds and the Lias, and indicated the limits 
of this formation high up in the escarpment. He then showed that 
Robin’s-wood Hill, Churchdown Hill, and Bredon Hill, were three 


1 See GronocicaL Magazine, January—April, 1874. 
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islands, or outliers from the main chain, and were conclusive evidence 
that the Cotteswold range had extended as far as these hills did into 
the vale, and that the horizontal valley running between the Cottes- 
wolds and Churchdown, and the other outliers, with the transverse 
valleys running between them, had all been caused by the wasting 
denudation that had been, going on through vast periods of time. 
Dr. Wright said he had purposely brought them to Churchdown to 
give them one of the most telling lessons he could select to illustrate 
the great truth that atmospheric agents supply the chisels by which 
the solid rocks are sculptured, whilst rain, frost, and snow carry on 
the work of destruction wherever they are exposed to these agencies. 

Turning to the eastern view, the chain of the Cotteswolds pre- 
sented a splendid picture, both as regards outline and colour, when 
seen from the old rampart on which they stood; and the Director 
here pointed out the remarkable difference the opposite sides of the 
valley presented, the angular summit of the Malverns finely con- 
trasting with the rounded swelling summits of the Cotteswolds. A 
long discussion now took place touching the various points of 
geological interest, and explanations and illustrations were asked 
and freely given. After visiting the church, the party returned to 
the vicarage, where the Rev. Mr. Smithe kindly refreshed the party 
with hospitable cheer, and showed his collection of fossils from the 
neighbouring hill. 

July 21st—Leckhampton Hill was the object of this day’s excur- 
sion. The party assembled at the windlass at eleven o’clock, and then, 
punctual to time, the Director of the day, Dr. Wright, F.R.S.E., 
commenced his address. He had laid out on the grass several 
large sections and maps of the hill, and proceeded to point out first 
the connexion between the subjects referred to yesterday and those 
which had to be studied to-day. 

He said the Oolitic system of rocks formed a most interesting study 
both as regards structure, origin, and organic contents. The system 
consisted of three great argillaceous formations, the Lias, the Oxford- 
clay, the Kimmeridge-clay, and three systems of Oolitic limestone 
rocks superimposed on them—the Lower Oolite resting on the Lias, 
the Middle Oolite on the Oxford-clay, and the Upper Oolite on the 
Kimmeridge-clay. The great argillaceous deposits had been de- 
posited under special relations, and the Oolite Limestone under 
totally different conditions. The one had formed the shore of a wide 
ocean; the other was produced by the growth, decay, and recon- 
struction of Coral Reefs in the Jurassic Sea. In the argillaceous 
seas sported the great Ichthyosawri, numerous fish, and Ammonites 
in abundance ; and in the Coral formations the Molluses, Sea-urchins, 
Corals, and Crinoids that lived in such localities, and have left 
abundant remains in the limestone rocks, some beds of which are 
composed entirely of organic remains. 

He described in detail the sands that lie between the Upper 
lias Clay and the Inferior Oolite, and which at Frocester Hill 
contain a remarkable fossiliferous bed full of Ammonites and 
Belemnites which were imperfectly represented here. Then the 
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“ Pea-Grit,” with its first Coral Reef, at Crickley Hill, was next 
described. Then the Freestones and Oolite Marl with a second 
Coral-bed found therein; and, lastly, the Upper Ragstones and third 
Coral-bed. 

Dr. Wright handed round some of the leading fossils of each of 
these beds, and gave a detailed description of them. The colitic 
or ‘roe’-structure of these rocks had long engaged the study of 
naturalists, and lately he had read a paper to the Cotteswold Club at 
Bath on the genesis of the Oolites. He said he regarded all Oolitic 
Limestones as the product of Coral Reef builders, either in the form of 
fossil reefs as that specimen in his hand, or as the débris of Coral 
which had been rubbed down into coral mud, and re-arranged along 
the coral strand in the form of Oolitic grains, for it was only along 
the shores of coral islands that Oolitic structure was discovered 
among modern formations, for reef-building corals can only live and 
work in water having a temperature of 80° to 82°, and that con- 
dition is now chiefly found between 80° north and south of the 
equator. Their operation is for the most part confined within those 
limits ; while even in those latitudes where the ocean is traversed by 
cold currents, there zoophytic life is absent. 

Dr. Wright then explained how, in certain areas of the earth’s 
surface, one portion is subsiding whilst another is rising, and obser- 
vation had proved that the region of the coral sea of our time is a 
vast area of depression, and that as the life-conditions within that 
area were most favourable to the development of polyps, there was 
a prodigious amount of Reef-building going on. When they built 
around a shore, it formed a fringing reef; when that ground became 
depressed, a barrier reef was formed, which encircled the island; and 
when the land became finally submerged, rings of coral or “ Atolls,” 
like Whit-Sunday Island, were formed, and alone remained to attest 
the former existence of terra-firma. He pointed out that when a 
Reef breaks up, the rock is reduced to a fine mud or into coralline 
sand, and that this calcareous paste coats fine particles of sand, and that 
these particles, having been rolled to and fro by the swell of the ever- 
restless ocean, such a motion is imparted to the grains that Oolitic 
limestones are thus formed around the shores of the coral islands of our 
day. Having thus established the fact that Oolitic limestones are 
produced under these conditions, he proceeded to apply this to 
explain the origin of the Oolites now under consideration. Nearly 
all Oolitic limestones contain Coral Reefs. ‘There were three super- 
imposed in the Lower Oolite, one in the Great Oolite, another in the 
Forest Marble, several in the Coralline Oolite, and one certainly in the 
Portland Oolite. These Reefs were the undoubted products of 
Zoophytes, and when the Reef, which had grown to perfection and 
life in it, had ceased, that calcareous mass became disintegrated and 
rubbed down to mud, and this mud became the paste out of which 
beds of Oolitic Lmestones were formed. ‘This theory enabled us to 
explain the remarkable cross-bedding in many Oolitic quarries, and 
likewise as coral limestones might have been piled up under sub- 
aérial conditions along the shores of islands, their great thickness in 
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some localities, as in the hill above them, and their thinness in other 
localities at small distances apart, received a satisfactory explanation 
by adopting the view that the genesis of the Oolites was due to the 
vital energies of Zoophytes that lived in the Jurassic seas. 

The reefs that remained were mere fragments of those which had 
once existed, and the calcareous masses that had disappeared as reefs 
had furnished the material out of which all Oolitic Limestones were 
formed. The same explanation applies to the oolitic beds found in 
the Carboniferous Limestone which had been formed out of the waste 
of the coral beds of the Carboniferous sea; in a great many of these 
Carboniferous oolitic grains he had found the microscopic shells of 
Foraminifera which had served as the nucleus of the particle: thus 
the presence of a calcareous paste and the incessant roll of the 
ocean along a coral strand were the elements and. physical condi- 
tions under which the Oolites were produced. 

A description of the beds in sitd followed the lecture, on which an 
interesting discussion ensued until lunch was announced, and so the 
party repaired to Major Barnard’s, at Bartlow, and enjoyed a solid 
repast. The valley looked more beautiful than ever to-day from the 
hill, and many an exclamation told how the scene had impressed 
itself upon the geologists. After lunch the party went over the 
upper beds, and walked through Hartley-bottom to the Seven 
Springs, to see the source of the Thames. 

July 22nd.—May Hill or Yartleton was the excursion to-day— 
Mr. J. Logan Lobley, F.G.8., acting as Director. The party took 
train to the Longhope station, and walked from thence to the sum- 
mit of May Hill, 972 feet above the sea. 

The view from the summit is magnificent ; looking to the N.N.W. 
one sees the dome of Woolhope Forest in the line of the axis of the 
hill on which one stands, and to the N.N.H. the Malverns are seen be- 
yond a long line of fracture and unconformity with outcrops of Coal- 
beds; between these two lines the trough is filled in with Old Red 
Sandstone ; to the South the eye follows the group of hills gradually 
contracted by the approach of the Red Rocks, till at Flaxley the 
May Hill ridge terminates. The distant Cotteswolds have a pictur- 
esque effect when seen from the summit, and the Forest of Dean 
with its reeking chimneys tells us of the iron and coal industries 
that are there at work. ‘The structure of the Hill was explained by 
the Director, with the aid of maps and sections, and the quarries of 
Llandovery rocks (May Hill sandstone), Woolhope Limestone, 
Wenlock Limestone, and Lower Ludlow Rocks were ransacked and 
yielded some fine specimens to the knights of the hammer. 

July 23rd.—Garden Cliff, near Westbury-on-Severn, was the 
rendezvous for the day, and Mr. W. C. Lucy, F.G.S., the Director. 
The party went by train to Grange Court, and walked from thence 
to the Cliff, a distance of four miles. Garden Cliff is one of 
the most typical sections of the Avicula contorta beds, a series of 
deposits which contain a well-marked set of fossils, and are inter- 
posed between the lowest beds of the Lias and uppermost beds 
of the Keuper; they indicate a great change in the physical geogra- 
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phy of the earth whilst they were being accumulated. The shells 
are all small, and appear to have lived in brackish water. In these 
deposits the remarkable bed known as the “Aust Bone Bed” is 
found. This section can be so admirably studied at Garden Cliff, 
and each bed in succession taken as it rises on the shore, that it has 
long been the favourite haunt of the geologist. After demonstrating 
all the beds, the Director embarked his party in three tubs of boats, . 
and, at the risk of shipwreck, the passage of the Severn was accom- 
plished, and dry land regained. Mr. Lucy showed them the Lias at 
Fretherne, and its relation to the other beds in the valley, and they 
reached the Berkeley Canal in time for the steamer’s return from 
Sharpness. ‘They dined at Gloucester and returned home by the 
10.30 p.m. train, having enjoyed a pleasant day, although they had 
attempted rather more than they could compass with ease and 
advantage. 

July 24th.—Tewkesbury, Deerhurst, Wainlode Cliff, and Apperley 
Court, formed this day’s excursion; Directors, the Rev. W. 3. 
Symonds, F.G.S., Mr. James Parker, F.G.S. (Oxford), and Dr. 
Wright, F.R.S.E. The Abbey was described by the Vicar, who 
read a short paper on some of its leading features, and the historical 
part of the subject was critically examined in a masterly way by Mr. 
Parker. After a stroll through the building, the party were invited 
to meet under the Grand Norman Arch, and Mr. Taut, Photographer, 
of Oxford, succeeded in taking a good picture of the group. From 
the Abbey, the walk was over the Battlefield to Tewkesbury Park, 
where My. Sargeaunt refreshed the party. 

Mr. Symonds gave an address on the historical associations of the 
ground around them, and the party then drove to Deerhurst Church, 
where Mr. Parker ably described this fine edifice, the dedication 
stone of which (1002) is now preserved in the Oxford Museum. 

The party now proceeded to Wainlode Cliff, to see another section 
of the Avicula contorta beds. Dr. Wright gave a demonstration of 
this section from the Severn bank, and brought together the details 
of the various sections of the same beds they had seen to-day at 
Coombe Hill, and yesterday at Garden Cliff. He described the 
possible conditions under which they were deposited, and the great 
physical change coming over the region in which they are found. 
They indicated the dawning of the Jurassic epoch, and the shores of 
that ocean in which the Saurian monsters of the Secondary age first 
made their appearance on our shores. The geologists made some 
good finds in the bone bed. The party then returned to Appérley 
Court, to enjoy a sumptuous dinner, to which the members of the 
Association had been specially invited by Miss Strickland, the lady 
of the domain, who received the members in her usual genial 
happy manner. Several friends and neighbours also had now 
joined the gathering. After the banquet, speeches were delivered by 
Sir W. Guise, the Rev. W. 8. Symonds, and Mr. Jones, of London, 
eulogizing in warm terms the Strickland family as promoters of 
Natural Science. Mr. Symonds described the Mammalian remains 
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collected by the late Hugh Strickland, Esq., and preserved in the 
hall. This was followed by an address from Dr. Wright, “in 
memoriam” of his working with the late eminent Hugh Strickland 
in the Lias zones of the neighbourhood, and on the Cotteswolds. 
A cordial vote of thanks was given to the Directors, and another vote 
to Miss Strickland for her hospitable reception and entertainment, 
and this brought to a close the day’s proceedings, and the week’s 
programme of the visit of the London Geologists’ Association to 
Cheltenham and its neighbourhcod.— Cheltenham Free Press, August 1, 
1874. 


CORRESPONDENCE. 
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SCANIA AND BORNHOLM. 


Str,—Doubts are entertained as to the precise age of the Coal- 
bearing formation in Scania, mentioned in your September Number 
of the Macazinr. On Bornholm—a Danish Island in the Baltic— 
is the same formation, and here I found several years ago Pentacrinus 
scalaris, Miller, but only once; neither Forchhammer nor any other 
author has mentioned this fossil from our localities. To be sure the 
“ Bone-bed” may be here; if we have both Trias and Lias. 

Allow me to add that this Coal-bearing formation has a thickness 

of probably 2000 feet ; the strata dip frequently at very high angles, 
and so the faults are sometimes large; the Coal-seams or beds, about 
twenty in number, vary from a few inches to 8-10 feet, some of 
which are worked. 
‘ The Coal-bearing formation is overlain by crystalline, eruptive 
masses of Felsite, Granite, Breccia, Gabbro, etc., followed by Creta- 
ceous beds of Greensand, all conformable, as described by me in 
‘¢ Nattirhistorisk Tidsskrift,” 1867 and 1869. 

Volcanic action has here taken place after the age of this Coal- 
bearing formation and before that of the Greensand. 
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A sketch from Sorthat on Bornholm. 
Dislocations succeeded the Greensand, and I should venture to 
suggest following three directions with an angle of 120°. 
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I1.—Tuer Mercuanism or StrRomMBOoLt. 
By G. Pouterr Scrorz, F.R.S., F.G.S. 


R. R. MALLET—whose theory on the source of volcanic heat 
was noticed in a former number of this Magazine—has followed 
it up by a second paper, read hefore the Royal Society in June last, 
and published in the last number (155) of the Proceedings, upon 
“The Mechanism of Stromboli,” one of the Lipari Islands, well 
known for the permanence of its volcanic activity, which seems to 
have been incessant for the last two thousand years at least. This 
insular and conical mountain rises more than 3,000 feet above, from a 
depth of nearly 2,000 feet below, the level of the Mediterranean, 
and exhibits the usual structure of a volcano, having an old breached 
crater on one side, from the bottom of which red-hot scoriz and 
fragments of lava are thrown up, together with much steam, by 
explosions occurring at irregular intervals of from two or three to 
thirty or even occasionally forty minutes. 

Stromboli has been visited.and its phenomena described, with the 
most careful and precise accuracy, by many geologists of the highest 
eminence, whose descriptions Mr. Mallet, more suo, dismisses con- 
temptuously, as neither full nor accurate (p. 497). To any one, 
however, acquaintéd with the history of Geological Science. especially 
of that portion of it which deals with the phenomena of volcanic 
action, the names of the distinguished observers given below will 
be a sufficient guarantee for the value and truthfulness of their 
accounts. And a reference to their writings will show how clearly 
and conscientiously these accounts are given.’ 

1 1768. Sir W. Hamilton with Signor Fabris. 
1766-81. Stromboli seen twice by Dolomieu. 
1781. 19th and 20th July, ascent by Dolomieu. 
1788. 20th of August, 1st and 4th October, Spallanzani. 
1810. Francesco Ferrara. 
1813. Several visits by Admiral Smyth. 
1819. May, G. Poulett Scrope. 
1824. Dr. Daubeny. 
1825. M. Biot. 
1829. M. Virlet and the Members of the Commission visiting the Morea. 
1831. M. Constant Prevost. 
1831(?-2). Friedrich Hoffmann studied Stromboli during three weeks. Three 
ascents, December 21st, ete. 


1836. 24th and 25th July. H. Abich collected and examined its products. 
1844. June. MM. de Quatrefages, Edwards and Blanchard. 


aoe rae tine, Buel 0988, Tie) Gihmdles io eOlinna Draelllo. 
1866. M. Fouqué. 


1867. M. Jansenn. 1870. Dr. Julius Schmidt. 
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Mr. Mallet’s own observations are obscured by a singular amount 
of incorrectness in the measurements given by him as taken with 
the aneroid, which not only err to the extent of more than a hundred 
per cent., but are also wholly inconsistent with the sectional dia- 
grams by which the text is illustrated. Lest I should be supposed 
rashly to dispute Mr. Mallet’s professional ability in the measure- 
ment of heights and the construction of diagrams, I annex an 
accurate copy of his principal diagram representing the island, with 
the heights as given by him in the text placed alongside (Fig. 1). 


Sea LEVEL. 


A glance at this figure is sufficient to show that, if Mr. Mallet’s 
estimate of the extreme height of the mountain, viz. 2,848 feet, be 
correct (the English and French Admiralty Charts, however, give 
it at 38,090 feet), all the other heights in the diagram must be at 
least 1,000 feet below the truth ;—the point C, for example, being 
visibly about three-fourths of the whole height of the mountain, and 
therefore about 2,143 feet, instead of 1,200, which Mr. Mallet says he 
found it. All the lower points are in error to the same amount or 
more. Mr. Mallet’s diagram, however, is not so far wrong as the 
measurements given in his text, since the best authorities concur in 
stating the height from the sea of the upper lip of the crater (C in 
the diagram) as about 2,200 feet, instead of 1,200 only, which Mr. 
Mallet assigns to it. It might be supposed that the several heights 
given in the text are, by a typographical error, made 1,000 feet less 
than the author intended. But this is inadmissible, not only on account 
of their number, but because (as will be shortly shown) Mr. Mallet’s 
whole theory hangs upon the proximity of the bottom of the crater, 
marked H, to the sea-level, estimated by him as only 300 feet in 
vertical distance, whereas in fact it is nearly if not quite 2,000! 

In correction of these errors of Mr. Mallet, I give the following 
from the highest authorities :— 

Extreme Hericur oF THE Mountain. 


By French Admiralty Chart earn 942 métres ( = 3,090 feet). 
By English Admiralty Chart... ... .. . 3,090 feet. 
By Italian Government Map... ... ... 921 métres ( = 3,022 feet). 
By Hoffmann (Barometrical measurement) 
confirmed by Abich ... wee ee 2,775 German feet ( = 2,853 English feet). 


The latter measurement agrees, it will be seen, very closely with 
that of Mr. Mallet; not so the following, which is far more im- 
portant, having a direct bearing upon the structure of the mountain, 
and especially on Mr. Mallet’s theory of its phenomena. 
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HEIGHT OF THE LIP OF THE CRATER (presumably Mr. Mallet’s point C in Diagram). 
Hoffmann (by Barometrical measurement) 600 feet below 
the summit ... == 2,253 feet above the sea. 


Abich (from repeated measurements) 2,178 German feet .., = 2,239 English feet. 
(Mallet, by aneroid measurement and estimate ... 1... ... 1,200 feet !) 

Taking then 2,245 feet (the mean of MM. Hoffmann and Abich’s 
figures) as the true height of C in Mr. Mallet’s Diagram, and ad- 
mitting his own estimate of 600 feet as the vertical difference between 
C and D, it is seen that the height of the latter point cannot be less 
than 1,650 feet, instead of 600, which Mr. Mallet makes it. While, 
if we accept the measurement of the several Government Charts for 
the summit of the mountain, 245 feet must be added to 1,650, making 
about 1,900 as the true height of D from the sea. 

The relative heights of the summit and lowest crater rim (D in 
Diagram) are seen in the drawings attached to the English and 
French Admiralty Charts, in that of Abich (copied in Woodcut, 
Fig. 2), that of Sir W. Hamilton, of myself, and in every other pub- 
lished drawing of the island, as well as by several taken by my friend 
Mr. J. W. Judd, F.G.S., in the spring of this year, to be in proportion 
of about 3 to 2. 

Indeed it is difficult to understand how Mr. Mallet himself can 
have seen the island from the sea at any distance on the north side, 
without perceiving this. 

These gross errors of height-measurements make the following 
passage from Mr. Mallet’s paper more remarkable (p. 502) : 

“The statements which have been” (hitherto) ‘‘made as to the 
relative heights of the different points of the island appear to be 
only derived from guess, and are greatly in error.” 

I might add, that Mr. Mallet seems incapable even of reading 
correctly the measurements given by others ; since he expressly says 
in reference to the depth of water immediately beneath the crater- 
slope (p. 509) : 

“The Admiralty Charts indicate that for some miles in the offing 
here, the Mediterranean does not exceed 100 fathoms in depth.” 

I have, however, the Admiralty Chart before me, which gives 
soundings: at more than one point within half a mile of the base of 
the crater-slope of 258 fathoms ; which the French Admiralty Charts 
confirm, giving 480 métres, at a little distance from the same base. 

Mr. Mallet visited Stromboli in 1864. He was unfortunate, it 
seems, in the state of the atmosphere on the occasion of his visit, 
and was consequently unable to see to the bottom of the crater, 
through the clouds of vapour that filled it. He witnessed, however, 
as every other visitor had done, a series of intermittent explosions, 
throwing up red-hot scoriz, bombs, and fragments of lava, together 
with steam, from what was evidently the crater of a volcano. And 
now, after ten years of mature deliberation, he has brought forward 
a theory to account for these explosions, which has at least the merit 
of novelty. He seems, indeed, to have formed his opinion, without 
the slightest reference to the modus operandi of other active volcanos, 
and without inquiring whether in any, or if so, in what respects the 
phenomena of Stromboli differ from those of an ordinary voleanic vent. 
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In reality, there is positively nothing in the recurrent explosions 
of Stromboli essentially different (as I shall presently show by ample 
testimony) from the similarly recurrent outbursts of any ordinary 
voleano during prolonged eruptions of moderate violence. ‘there is, 
therefore, no call for any extraordinary explanation of these “rhyth- 
mical” outbursts in this particular case. And if Mr. Mallet, instead 
of setting his imagination to work upon the possible cause of their 
more or less regular occurrence, had adopted the humbler but more 
legitimate course of inquiring whether Stromboli stands alone in this 
respect, or whether other volcanos do not exhibit at times pheno- 
mena, exactly similar—though rarely continuing for so long a time— 
he might have seen it to be quite unnecessary to invent a peculiar 
‘“‘mechanism ”’ for Stromboli, unless, indeed, he means to apply it to 
all other volcanos likewise, which he has not gone the length of 
doing yet. 

Mr. Mallet’s theory is, that this celebrated island, which has 
hitherto been considered by all geologists as a typical voleano, is no 
volcano at all—at least, not of the usual igneous type—but a geyser, or 
intermittent fountain of boiling water, which, by some extraordinary 
chance, is situated at the bottom of a crater immediately beneath the 
mass of white-hot and liquid lava, which here, as in other volcanic 
craters when in activity, occupies that position, and is consequently 
tossed up into the air, in the shape of scoriz, etc., at each outburst of 
the water. The tube of the supposed geyser is represented as occupy- 
ing the place of the axial chimney of the volcano, and as alternately 
filled and emptied by the rise and escape from its mouth of a jet of 
boiling water and steam derived from some ducts or channels beneath 
the sea-level. The lava, which even Mr. Mallet cannot dispense with, 
since its projection into the air is the most obvious of all the phenomena, 
is supposed by him to flow to the mouth of the tube through lateral 
ducts from some undefined quarter, and the steam to be derived from 
a third kind of duct at a still greater depth below the sea than that 
which produces the water (page 512, Diag. 4). I submit that such 
a fortuitous concurrence of water, steam, and lava, proceeding from 
different sources or ducts, is a complicated and wholly imaginary 
supposition, without example, and unsupported by any facts or reason- 
ing of the slightest value. Such an hypothesis could hardly have 
been expected of Mr. Mallet, who, in page 500 of his paper, justly 
says, “It may be taken as certain that in explaining all natural 
phenomena, the simplest explanation is the true one.” 

The simplest explanation of the phenomena of Stromboli would 
be to refer them to the ordinary mode of action of other volcanos. 
And certainly Mr. Mallet does not give any adequate, or even plaus- 
ible, grounds for ascribing them to any different and extraordinary 
“mechanism.” Mr. Mallet, I may remark, does not venture to say 
that he saw any column of water, like that of a geyser, thrown up 
from the crater’s bottom, nor that any one else had ever witnessed 
such a sight. He admits that he could not see the bottom of the 
erater, owing to the clouds of vapour that obscured it, nor could he 
form a guess as to its depth, nor as to what was going on there, except 
from the detonations he heard, and the jets of red-hot stones, accom- 
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panied with steam, which pierced these clouds at each outburst. 
But other observers, especially Spallanzani in 1788, Hoffmann in 
1831, and myself in 1819, were more fortunate, and saw at the 
bottom of the crater nothing in any respects resembling a geyser, 
but an orifice some seven or eight yards wide, full to the brim of 
seething white-hot lava, which swelled up from time to time in a 
dome-like form, and then fell again by some few feet below the 
mouth of the orifice, after giving issue to a burst of vapour mingled 
with scoriz. That in its normal condition the throat of the volcano 
is so filled with fluid lava almost to the brim, is conclusively proved 
by the strong light reflected from the vapour-cloud above at every 
outburst of the red-hot scoriz, which is seen nightly in the offing, 
and renders Stromboli a valuable lighthouse to mariners. This is, in 
fact, the ordinary condition of every volcano when in eruption. Such, 
for example, were the phenomena presented by the crater of Vesuvius 
on several occasions, as described by Deville, Roth, Abich, and other 
trustworthy observers. 

The utter improbability of a geyser occupying the axial chimney 
of a volcano in more or less active igneous eruption, never seems to 
have occurred to Mr. Mallet’s mind. Is it then a geyser that from 
the beginning has thrown up the volcanic agglomerates and lavas 
of which the island is wholly composed? Was it the geyser that 
blew away one large segment of the mountain, and formed the 
great breached crater ? Or does the existence of the geyser only date 
from that paroxysmal eruption, when the present phase of moderate 
or sluggish eruptive activity probably began? Geysers occur in 
considerable numbers in Iceland, New Zealand, and other volcanic 
districts. But who ever saw one in the crater of a volcano, or 
throwing up red-hot lava? The geysers of Iceland are found in 
numbers close together upon a slightly raised platform in a valley 
—evidently the surface of a deep bed of lava which has flowed from 
Hecla, or some neighbouring voleano—the internal heat of whieh lava 
is still sufficient to produce the phenomena. The Great Geyser is 
about 70 feet deep. But if we correct Mr. Mallet’s measurements of 
heights to make them agree with the truth, we shall find the depth 
of his imagined geyser tube from its mouth at the bottom of the 
crater to the sea, to be not 300 feet, as he represents it, but near 
2,000. And this prodigious tube we are called on to believe is filled 
with hot water, and emptied again to the bottom at every explosion 
(p. 511). But, again, what is to prevent the heavy liquid lava, 
together with the fragmentary matter that falls or rolls to the bottom 
of the crater after each outburst, from entering the open mouth 
of the water-tube the moment it has been emptied of everything 
but air or vapour at the atmospheric pressure (which is Mr, Mallet’s 
assertion), and filling it up so as to put an end to his geyser? Mr. 
Mallet tries to meet this obvious objection, by suggesting a jam of 
the coarser fragments cemented by lava and acting as a stopper. But 
is it conceivable that such an accidental jam should have occurred 
not once or twice only, but about ten times in every hour for the last 
2,000 years or so? It is scarcely worth while, after these conclusive 
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objections, to remark, that no siliceous sinter is found on the walls 
of the crater of Stromboli, such as geysers all over the world plenti- 
fully deposit, wherever their waters splash. On the other hand, the 
gases evolved from the crater, and the products of their action on its 
rocks, have been shown by the chemical analyses of Abich, Deville, 
and Fouqué, and the spectroscopic observations of Jansenn, to agree 
with those of ordinary volcanos. 

As already mentioned, Mr. Mallet was not able to see to the 
bottom of the crater, owing to the vapour, which, he says, “ nearly 
filled the cavity and obscured the bottom, even between the out- 
bursts.” Nevertheless, he guesses it to be 300 feet in depth below 
the rim (D in his Diagram). On what grounds he makes this guess 
he does not state. There is good reason to believe that the floor of 
the crater is but little below the lip D. Signor Salino estimated 
it (of course it is unapproachable) at 2,215 feet above the sea. 
The deep funnel-shaped cavity represented in Mr. Mallet’s diagram 
may then be considered as wholly imaginary. My own estimate 
of 2,000 feet is declared by Mr. Mallet (p. 504), to involve “a 
physical impossibility ;” his argument being founded on his own 
measurements of relative heights, which I have shown to be wholly 
erroneous. But then Mr. Mallet is in the habit of denouncing as 
“physical impossibilities,” all alleged facts that do not square with 
his theories. 

Mr. Mallet is evidently under the impression that the intermittent 
explosions of Stromboli, which he calls rhythmical, but which, as 
he himself admits, occur at very irregular intervals, are of an ex- 
traordinary and elsewhere unexampled character. But so far is 
this from the case that it forms the usual feature in every vol- 
canic eruption of moderate violence. And of this Mr. Mallet 
would be aware if he had ever seen any other volcano than Strom- 
boli in this phase. For example, M. Charles Ste.-Claire Deville 
thus summarizes his observations of Vesuvius in 1856, “‘ Voila le Vésuve 
actuellement dans la phase strombolienne.” Monticelli thus describes the 
phenomena of Vesuvius in 1815: “The crater was often quiet for 
minutes together, and then burst out into explosions of considerable 
violence, sending fluid lava and ignited stones and ashes to a height 
of several hundred feet into the air.” So, too, Sir H. Davy, de- 
scribing the phenomena of December, 1819, says, ‘“‘It threw up 
showers of red-hot stones every two or three minutes.” (Phil. Trans. 
1828.) I may add that, through several successive months in the 
years 1817-21, I myself watched nightly from Naples streams of 
lava which constantly overflowed the summit crater-lip of Vesuvius, 
and dribbled down the side of the cone, proving that the lava 
throughout that long time entirely filled the vent of the volcano; 
while from it successive explosions of steam, throwing up scorie, 
precisely like those of Stromboli, only somewhat more frequent, 
were continually taking place. Both phenomena—the overflow 
of lava and the outbursts of steam from it—went on without any 
apparent interference with each other; though it seemed evident that 
the continuous rise and expansion of successive steam bubbles from 
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within the vent was one of the causes of the extrusion of the lava 
from the same orifice.' 

The sluggish character of the eruptive action of Stromboli, as of 
other volcanos in a similar phase, is owing no doubt to the slow and 
equable rise of intensely heated lava within the vent; so slow as to 
admit of but one steam-bubble at a time being generated and pushed 
up; the lava about it losing much heat carried off in a latent form 
by the steam-bubble as it explodes, and requiring a further addition 
of heat to bring about, after an interval of more or less duration, the 
expansion of another steam bubble. During this interval, the surface 
of the lava remaining in the vent freezes, and by increasing the 
resistance to the expansive force below, further checks the develop- 
ment of the following steam-bubble. In cases where the increments 
of lava are forced up more rapidly, the formation of bubbles within 
the vent is proportionately accelerated, as well as their rise and 
escape from the mouth, till perhaps the explosions become so rapid 
and continuous as not to be easily counted. This is the case in every 
violent eruption ; the puffs of steam from the vent being as rapid and 
the intervals between them as short as the very similar puffs from 
the chimney of a locomotive engine in full work. The first phase, 
that of sluggish activity, in a voleano, may be compared to the slow 
ebullition of a kettle on a hob; the phase of greater violence to one 
boiling over upon a brisk fire. 

The volumes of steam which are seen to burst from the exposed 
lava surface of a volcanic vent in eruption, whether singly and at 
intervals, or in rapid succession and with tumultuous violence, are 
generated in the lava itself, and not in any imaginary fountain or 
pipe of hot water beneath it. The existence of interstitial water, 
either in a liquid, or a gaseous form in lava, both as it rises in and 
issues from a volcanic vent, has so long been recognized among 
geologists as an established fact, that it seems like going back to the 
scepticism of the Wernerian age to find a different motive force and 
mode of action brought forward to account for the phenomena of a 
volcano. 

Had Mr. Mallet contented himself with the view expressed by Sir 
C. Lyell in a passage which I am inclined to believe suggested his 
theory,—since he refers to the context (‘ Principles,’ 10th edition, 
vol. ii. p. 220), namely, that the phenomena of geysers “ have no small 
interest as bearing on the probable mechanism of ordinary volcanic 
eruptions, namely, that the tube itself is the main seat or focus of 
mechanical force,’—he would have committed no error. But that 
would have been no novel idea, and he would not have written his 
paper and astonished the Royal Society with the assertion that the 
mechanism of Stromboli has not merely some similarity with that of 
a geyser, but that the volcano actually contains a geyser in its inside, 
which is the true and only source of the phenomena exhibited there. 


1 T learn from Prof. Owen that on the night of the 3rd October, 1845, he watched 
the explosions of Vesuvius from the deck of a vessel in the Bay of Naples; and 
timing them by his watch, he found the intervals to vary between the maximum of 
63 minutes and the minimum 2 to 23 seconds: from 8 to 4 minutes was about the 
average time between the explosions. 
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The mechanism by which the rise of lava and steam within the 
vent is effected was explained by myself so early as 1825, in the 
first edition of my work on Volcanos (pp. ‘17-20), and more fully 
still in the edition of 1862 (pp. 39-43). It corresponds precisely 
with the view taken by Lyell in the “Principles” (tenth edition, 
vol. ii. p. 225), and also with that given by Dana (Manual, 1863, 
p- 692) in the following passage, which I quote in preference to 
my own, as the view of an impartial and unquestionable authority : 

“ Volcanic Phenomena.—The water and other vaporizable sub- 
stances within the lava” (in the chimney of a volcano) “are under a 
pressure of about 125 pounds to the square inch for every 100 feet 
of depth. Owing to the heat, and their consequent expansion, they 
slowly rise in the heavy viscid liquid. As they rise, they keep ex- 
panding, until, nearing the surface, they begin to take the form 
of bubbles of vapour, and finally break through. . . If the lavas 
are less liquid, the vapours are kept from escaping by the resis- 
tance, until they have collected in far larger bubbles; and when such 
bubbles burst, the projectile force may be enormous; it carries the 
fragments far aloft, whence they descend in a shower of cinders 
of great extent. . . Such bubbles, rising and bursting, were seen 
by Spallanzani in the crater of Stromboli. In times of moderate 
action at Vesuvius, the outbursts of cinders occur every three to ten 
minutes ; but in a period of eruption, they are almost incessant. 

As the vaporizable substances (water, sulphur, etc.) and 
atmospheric air expand while rising in the volcanic vent, they dis- 
place correspondingly the lava, and so cause a general expansion of 
the mass. ‘This alone produces a rise of the lavas in the conduit.” 

It is then certain that, according to all trustworthy authorities, the 
outbursts of steam and other vapours, which during volcanic erup- 
tions rise with and carry up to great heights in the air lava drops and 
fragments of rock, are seen in all cases to proceed from the lava itself, 
and not from any separate source of hot water, such as Mr. -Mallet’s 
ingenuity has invented. This has been recognized by every observer, 
who has had the good fortune to witness a volcanic vent in eruption 
from a commanding post, from the time of Spallanzani and Dolomieu 
to the present day. 

Mr. Mallet, however, entertains very different ideas upon this sub- 
ject. It seems that he is unwilling to admit that the water which, 
as steam, plays so important a part in volcanic eruptions, is contained 
within the lava as it rises in the vent from the interior of the volcano, 
and forces its way out explosively from the exposed surface on 
reaching the open air. Hence his determination to find or suggest 
some other sources of water and steam outside of the lava. Hence, 
too, he is unable to conceive the possibility of successive volumes of 
vapour struggling upwards within a narrow and intricate volcanic 
chimney, filled with more or less viscid lava, and successively burst- 
ing from its upper surface as they reach the atmosphere in the 
manner described by Dana in the above-quoted passage. Mr. 
Mallet asserts (R.S. Proceedings, p. 510): ‘“ Whatever be the source 
of supply of the lava, it can never fill the tube as a solid (sic) 
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column of melted matter reaching up to its lip; for in that case, 
whatever be the mechanism of the volcano, at each outburst the 
whole of this immense column of melted matter must be blown 
completely out of the tube, which actually is emptied, at the end of 
each outburst, of everything but gases and vapours, and these at 
a tension not greatly exceeding that of the atmosphere.” May we 
not, however, ask Mr. Mallet on what ground he asserts so positively, 
that the tube (which, in the case of Stromboli, he speaks of as 
400 feet in depth, but which, by rectification of his measurements, 
must really be, if it exists at all there, about five times as much, 
viz. from the bottom of the crater to the level of the sea, whence 
the water of his geyser is supposed by him to be supplied) “inust be 
actually emptied at every outburst” ? He admits that he was unable 
to see the bottom of the crater where he places the mouth of his 
geyser tube. Those who have been more fortunate certainly 
saw nothing corresponding to Mr. Mallet’s idea, but, on the con- 
trary, the usual phenomena of a volcanic vent in moderate activity, 
as described above. There is nothing, then, in the phenomena of 
Stromboli so exceptional as to make it necessary to refer them to 
any mechanism different from that of ordinary volcanos under 
similar conditions. Intermittent, recurrent, or (if Mr. Mallet prefers 
the word) rhythmical explosions are not peculiar to Stromboli. Dana, 
as we have seen, and other trustworthy authorities, speak of those 
of Vesuvius, when the volcano is but moderately active, as taking 
place every three or ten minutes,—as nearly as possible, the average 
interval between the outbursts of Stromboli,—though of course, in 
more violent paroxysmal eruptions, the intervals are reduced to 
seconds or less, the explosions following one another too rapidly 
to be counted. 

It is, then, evident that if Stromboli is to be supposed to have a 
geyser under its eruptive lava-vent, on account of the intermittence 
of its explosions, we must believe the same to be the fact in the case 
of Vesuvius, and every other voleano when in activity—an absurdity 
which no geologist can be brought to countenance, and which even 
Mr. Mallet would (perhaps?) hesitate to affirm. 

The peculiarity of Stromboli really consists, not in the more or less 
rhythmical recurrence of its explosions,—which, as we have seen, is 
common to all volcanos in the phase of moderate eruptive activity,— 
but in the permanence of this phase in its instance. This is evi- 
dently due to the slow and equable rate at which increments of heat 
are communicated from beneath, together with fresh lava rising up 
the chimney, and to the similarly equable dispersion of the matter 
thus brought up, beyond the circumference of the crater. This equi- 
librium of supply and waste is an unquestionable fact, since the 
eruptive phenomena are, as a rule, equable within short periods, 
and the crater remains always empty to about the same level, not- 
withstanding the constant return into it of a large proportion of 
the lava fragments ejected from its bottom. That other portion 
of fragmentary lava which is carried off as ash by the wind, or 
falls in larger masses outside the crater lip, evidently balances in 
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general the amount supplied from beneath. Were it not so, the ac- 
cumulation of matter in and above the crater would probably so far 
increase the pressure on the steam in the chimney of the volcano as to 
proportionately check its expansive force, and cause the eruptions to 
cease for a time far longer than the present intervals, and to be 
more violent when they did occur, and thus bring the volcano into 
the more common phase of alternate great activity and prolonged 
repose. The maintenance of this 

equilibrium between the expan- 

sive and repressive forces is pro- —}— 
bably due (as I long since sug- 
gested) to the peculiar shape 
of this volcanic mountain (see 
Woodcut Fig. 3); its axial vent 
being so close to the ridge of 
the steeply inclined plane that 
occupies the breached crater and 4 
reaches down to and far below 
the sea-level, as to admit of 
a considerable portion of the 
ejected fragments falling into 
deep water, instead of accumu- 
lating over the vent, as would be 
the case if the circuit of the 
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terior of the slope, and thence into the sea. Inthisexplanation Hoffmann 
expresses his concurrence. In 1831, this observer saw several minor 
streams of lava issuing from the summit of the slope, and making 
their way down towards the sea; and the same fact has been noticed 
by others. The great depth of the Mediterranean at the base of 
this slope, assisted by currents, would prevent the accumulation 
of the ejected matters on that side. 

It is evident, on the whole, that Mr. Mallet’s theory cannot stand 
serious examination. Stromboli is only one of a string of volcanic 
islands (the Liparis), arranged along radiating lines evidently mark- 
ing some subterranean fissures, which have all apparently been in 
eruption within Post-Tertiary times. One of them, indeed (Vulcano), 
has been several times violently eruptive within the historical period, 
and is even now in the Solfatara state of activity, sending forth 
volumes of acid vapours and steam. Last autumn, indeed, a 
veritable eruption on a small scale broke out at the bottom of its 
immense crater, luckily not at the point where the sulphur and borax 
works, established by an enterprising Scotch firm, are situated. 
It would need, therefore, a very strong proof to lead geologists to 
believe that the action of Stromboli is essentially different in its 
character and cause from that of the other ordinary volcanic vents of the 
series, and such Mr. Mallet, as has been seen, fails entirely to produce. 
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Although I have hitherto spoken of the explosions of Stromboli 
as equable, yet they do not by any means occur at precisely similar 
intervals. These, though usually of from two to ten minutes, are 
sometimes prolonged to thirty or even forty minutes. Nor is the 
violence of the discharges always equal. According to information 
furnished by the inhabitants of the island, the explosions are of a 
more violent character in stormy weather, especially in winter; and 
there is a tradition, as old at least as Pliny, that they forecast the 
weather for some days to come by the condition of the smoke, 2.e. 
the steam-cloud evolved from the mountain. I long since (Volcanos, 
ed. 1825, pp. 58-4) suggested that changes in the pressure of the 
atmosphere on the elastic vapours, enclosed in the lava within and 
below the volcano, might produce this effect. Mr. Mallet declares 
this to be “impossible.” But I am not inclined to renounce the idea 
in deference to his arguments. Bearing in mind the well-known 
fact—which appears to afford a strong parallel to the case in point 
-—that a fall in the barometer is accompanied by the letting loose of 
the elastic vapours confined in the vacant spaces of a coal-mine with 
such violence as at times to force down masses of rock from the roof 
of the workings, it seems not impossible that within or below the 
chimney of a voleano communicating with the open air, similar effects 
may be produced by the same cause.’ 

However this may be, the fact remains that the volcano is at some 
times and seasons more turbulent than at others. The inhabitants 
assert that in its eruptions of greatest violence lava is occasionally 
discharged into the sea from the steep face of the great rent on the 
north-west side, which bears the local name of the Schiarazza (‘‘the 
great scar”). Hoffmann, as we have seen, confirms this fact; and Sir 
W. Hamilton gives a coloured drawing of the ‘island, taken by his 
friend in the year 1768 (see Campi Phlegrei, plate xxxvii.), when 
a violent eruption was taking place, apparently from the whole 
upper portion of the Schiarazza. Mr. Mallet, indeed, doubts that 
lava can ever, in recent times, have been emitted by Stromboli, on 
the ground that the crater must have been first filled to the brim, to 
enable the lava to overflow it. There is reason to doubt the bottom 
of the crater being much lower than the lowest part of its brim. 
Even were this the case, it would be quite possible and consistent 
with facts which I am about to notice, that lava may have flowed 
into the sea from fissures broken through the bank which separates 
the Schiarazza from the lowest hollow of the crater. Mr. Mallet, 


1 The attitude of philosophical caution which should be maintained by us with re- 
gard to such questions was admirably pointed out by the late lamented Professor 
Phillips in the following passage :—‘‘It is a common belief among persons who do 
not require strict proof of propositions which they accept, that the weather has 
influence on such phenomena as earthquakes and volcanos; the same minds may 
readily admit the influence of the moon on the weather; and thus we arrive easily at 
the opinion that Vesuvius is governed in its activity by the phases of the moon. On 
the other hand, men trained in exact reasoning are apt to deride such notions as quite 
unworthy of inquiry. Neither of these conditions of mind is right, when the problem 
is one like that of volcanos, for which a just solution cannot be had without taking 
into careful estimation all the known forces which may be influential on the epoch, 
duration, and intensity of the effect.”’— Vesuvius, page 169. 
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indeed, himself noticed strings of lava which looked like dykes, in 
the face of the great rent, but is unwilling to admit that they are 
such, considering them merely long flakes or ropy portions of lava 
that had fallen from above. The fact I have to mention in support 
of the contrary view is the remarkable one mentioned by Spal- 
lanzani, Hoffmann, myself, and others, that besides the opening at the 
bottom of the crater which is filled to the brim with boiling lava, and 
whence the explosive discharges of scorie, etc., take place, there is, 
or was at the several times of our visits, at least one other orifice, 
empty to all appearance, but from which steam, seemingly dry, is 
constantly rushing up with a dull roar and frequent stifled detona- 
tions. ‘This steam must proceed from lava at a lower level than 
that of the proximate vent only a few yards off, with which it is 
evidently not in communication for some distance down. It is 
therefore easy to believe that other openings may give issue to lava 
at a still higher level on the outer flank of the Schiarazza, without 
the crater being necessarily filled at the same time. Similar facts 
have been often recorded. For example, M. Deville saw on the 
summit of Vesuvius, in 1856, two contiguous small craters, within 
one of which a pool of incandescent lava continually bubbled up, 
while the bottom of the other, at a lower level by at least 300 feet, 
was empty; showing, as he justly observes, the extreme localization 
of the ascending lava in separate, though closely adjoining, fissures 
or chimneys. ‘The parallel between the two cases is complete. 
Several of the distinguished observers already mentioned have de- 
scribed within the crater of Stromboli a number of additional mouths, 
sometimes amounting to seven, and discharging either steam, stones, 
or lava streams, and acting singly or m concert. In short, it appears 
probable that the bottom of the crater of Stromboli, like that of 
many other volcanos, is a mere crust of scoriform lava liable to 
variations both in its level and in the number and character of its 
openings. 

Enough has been said to show that there is no ground whatever 
for attributing to Stromboli any mechanism different from that of 
ordinary volcanos. Its activity is sluggish, and has continued for 
avery long period. But this is a phase by no means unexampled. 
The volcano of Masaya, in the State of Nicaragua, has been in a 
similar condition of moderate eruptive activity since the year 1529 
at least, (see Volcanos, 1862, p. 33), discharging at intervals of 
fifteen minutes jets of red-hot lava fragments from its crater. 
Mr. Squiers, in his recent work on Nicaragua, confirmed this fact. 
Again, on the Pacific coast of Central America, in the province of 
Guatemala, another volcano, Isalco, has. been in a condition of 
permanent activity since 1770, in which year a cone was first thrown 
up on a plain, and has been growing in size ever since. Mr. 
Squiers represents it as being 2,000 feet high at the time of his 
visit, and its explosions as regularly recurring at intervals of twenty 
minutes. This statement is borne out by the diary of my friend 
Mr. Chas. Eden, written on board the U.S. Packet “ Guatemala,” in the 
gulf of Fonseca, in the year 1809, which I have now before me. He 
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states that “eruptions take place from this voleano at intervals of 
from 10 to 12 minutes; it forms therefore a beautiful beacon by 
night; its intermittent fires seem like some colossal revolving 
light.” Another permanently active volcano is said to exist in 
the Kamtschatkan group, and others would appear to occur in the 
New Hebrides and several of the Pacific Islands. 

Mr. Mallet’s suggestion, therefore, in the case of Stromboli, of 
a geyser beneath an active volcanic vent, may be dismissed as 
wholly unnecessary, as well as improbable, not to say impossible. 
The promulgation, however, of this strange notion, together with the 
arguments adduced to support it, may perhaps serve to show that 
I was justified, when commenting on Mr. Mallet’s “theory of 
Vulcanicity,” in saying that he appeared to have no very clear or 
just notions upon the character of volcanic action, and may there- 
fore excuse the seeming discourtesy of the remark. When a 
physicist of some reputation—and I am far from denying Mr. 
Mallet’s claim to that title in his own sphere—produces a novel 
theory of great pretensions, which is, by his own showing, to 
upset the views previously held by all geologists on the subject, 
while expressing no small contempt for their opinions and argu- 
ments, he must expect his own views, when he deals with geological 
facts, to be closely scrutinized and estimated at their true worth. 


IJ.—List or Patmozoic Fisuss. 
By W. J. Barxas, L.R.C.P. Lond., M.R.C.S. Eng. 
(Edited and Revised by Wiri1am Davizs, of the British Museum.) 


ALMONTOLOGY, like most other sciences, has attracted a large 
number of students since the first pioneers cleared the way for 
inquiry and brought the fossil remains into something like con- 
nected order. This increase in the number of inquirers has borne fruit 
in the immense variety of fossil remains that are scattered about in 
museums and private collections, the variety being now so great 
that it has become almost impossible for one person to study the 
whole of them, in consequence of which the majority of students 
confine themselves to the fossils of one formation or to the remains 
of a natural order, as Invertebrata or Vertebrata. Here, again, the 
application of a number of investigators to one distinct branch is 
bringing a further increase to our knowledge in that branch. Take 
the case of fossil fishes. It was quite possible twenty or thirty years 
ago for the great paleontologist Agassiz to describe and figure what, 
as the result of seventeen years of close study, was then known of 
the fossil fishes of all formations; but the stimulus that resulted 
from the publication of his work has piled up the list in a wonderful 
manner, so that it would be well-nigh impossible for any ordinary 
palzontologist to describe them all now in anything like a satis- 
factory way. This great amplification necessitates inquirers to 
confine themselves to the fish remains of a single formation, or to a 
particular part of the fish, as for example, the teeth. One result of 
this disjointed manner of collecting is that a number of fish remains 
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are discovered, most of which are allowed to lie undescribed in 
private collections, and those that are named and recorded are 
frequently similar to others (but named differently) in the cabinets 
of persons in other localities in widely different parts of the 
world. 

It has occurred to me that a list of all the Paleeozoic fishes that 
have been described up to this period would be of great utility to 
paleontologists, and would enable any future discoverer to learn at 
a glance what species had already been found belonging to the genus 
of his supposed new fish, and before he gave it a specific name it 
would be desirable that he should carefully compare it with all the 
other species of that genus. Another advantage accruing from 
such a list is that one would be enabled to see immediately what 
fishes are considered Paleeozoic at the present stage of paleonto- 
logical research. If similar lists of Mesozoic and Cainozoie fishes 
were published in the Grotocican Macazine, the benefit would be 
still greater, for they would show what genera of fishes passed from 
one period to another. These are one or two of the reasons for 
my compiling this list; but the chief object is that I desire to study 
the teeth of all Paleeozoic fishes that are known to have teeth, and it 
is necessary beforehand to ascertain what genera and species have 
been discovered. Of course it is impossible to obtain the teeth of all 
the fishes named below, for many are known to be edentate, others 
are founded upon spines alone, some on scales, shagreen, or other 
parts of a fish, the teeth of which have not been discovered, or if dis- 
covered, have not been correlated with the parts enumerated. 

It is not improbable that the list I now give is imperfect, for I may 
have overlooked some species or even genera contained in works that 
are to me inaccessible, and there can be no doubt that in some cases 
the same fish figures under two or more names. I have been as 
careful as possible not to fall into this error; but the literature of 
fossil fishes is so exceedingly scattered and scanty, that it is almost 
impossible to learn from that source what are their characters. Asa 
further precaution, Mr. William Davies, of the Geological Department 
of the. British Museum, has kindly corrected and revised the list, 
thus rendering it of far greater value to the scientific student 
of fossil Ichthyology. In this state it is placed before the 
readers of the GronogicaL MaGazine, and there can be no doubt, 
after the careful revision it has received at the hands of Mr. Davies, 
that it is the most complete list of Paleeozoic fossils that has as yet 
been published ; and I trust that it will not be long before similar 
complete lists are issued of the fishes of the more recent eras. When, 
in examining the various works for the purposes of this list, I have 
found two names, one of which was considered to be a synonym 
of the other, I have struck one of them out of its supposed genus and 
placed it as a synonym of the other. For example, Cochliodus striatus 
is a synonym of Xystrodus striatus. C. striatus was first named by 
Agassiz, but a subsequent investigation appears to have led him to 
Reanider that it was not a good species; he, therefore, divided it 
into two species having the generic name Xystrodus. Should any 
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omissions have occurred, or any fish given below be known to be 
a synonym of another, and not a good species, I shall be glad 
if such errors are made known to me; and if necessary, I shall 
prepare a supplementary list. All the synonyms in the following 
list are set further in, and are printed in smaller type immediately 
below the true name; the generic names are printed in capital letters 
of two sizes, the larger capitals denote the true genus, while the 
smaller capitals distinguish the synonyms; all the species are printed 
in italics. 

The following abbreviations have been introduced :— 

S. Silurian; D. Devonian; C. Carboniferous; P. Permian. 

Ag. Agassiz; Asm. Asmuss; Beyr. Beyrich; v. Bened, van Beneden; Blain. Blain- 
ville; Buck. Buckland; Eg. Egerton; Eich. Hichwald; Ethr. Etheridge; Fisch. 
Fischer; Germ. Germar; Gieb. Giebel; Gold. Goldfuss; H. & A. Hancock and 
Atthey; H. & S. Huxley and Salter; Hux. Huxley; Keys. Keyserling; Kon. de 
Koninck ; Lank. Lankester ; Mnstr. Minster; Murch. Murchison; Newb. New- 


berry ; N. & W. Newberry and Worthen; Pand. Pander; Redf. Redfield ; Roem. 
Roemer; Sedg. Sedgwick ; S. & M. Sedgwick and Murchison ; Traq. Traquair. 


CONODONTS. PALTODUS Jicostatus, Pand. S 

ACODUS acutus, Pand. $ canaliculatus, Pand. is 
crassus, Pand. 90 obtusus, Pand. 5 

erectus, Pand. Ahi votundatus, Pand. 7 

planus, Pand. us subequalis, Pand. an 
sigmoideus, Pand. He truncatus, Pand. 5 


ACONTIODUS gracilis, Pand. 
Zotus, Pand. 
triangularis, Pand. 


PRIONODUS carinatus, Pand. 
elegans, Pand. 
sulcatus, Pand. 


BELODUS gracilis, Pand. 33 Tulensis, Pand. A 
CENTRODUS convexus, Pand. Fe Volborthi, Pand. ¥ 
duplicatus, Pand. ia PRIONOGNATHUS Brandt, Pand ,, 
lineatus, Pand. Ns SCOLOPODUS e@guilateralis, Pand. ,, 
simplex, Pand. a5 costatus, Pand. A 
CoRDYLODUS angulatus, Pand. 43 guadratus, Pand. 0 
votundus, Pand. nA semicostatus, Pand. +5 
CTENOGNATHUS Keyserlingi, Pand.,, striatus, Pand. 
Murchisoni, Pand. ay sublevis, Pand. Ns 
obliquus, Pand. AS 
Verneuillei, Pand. 5 SELACHIANS. 
DREPANODUS acztus, Pand. a 
arcuatus, Pand. Ae Acropbus Flemingianus, Kon. Cc 
flexuosus, Pand. Me lateralis, Ag. a 
injflexus, Pand. a ANTHROPODONTOIDES Bazlesiz, 
obtusus, Pand. op Barkas si 
GNATHODUS mosquensis, Pand. A ANTLIODUS cucallus, N. & W. “5 


MACHAIRODUS angustus, Pand. ,, micronatus, N.& W. .,, 


canaliculatus, Pand. 
dilatatus, Pand. 
ensiformis, Pand. 
inegualis, Pand. 
incurvus, Pand. 
planus, Pand. 
primevis, Leidy 
rhomboideus, Pand. 
solidus, Pand. 


OISTODUS acuminatus, Pand. 


inequalis, Pand. 
lanceolatus, Pand. 
parallelus, Pand. 


minutus, N. & W. 
parvulus, N. & W. 
politus, N. & W. 
robustus, N. & W. 
sarcululus, N. & W. 
similis, N. & W. 
simplex, N. & W. 
sulcatus, N. & W. 


ASPIDODUS convolutus, N. & W. 


crenulatus, N. & W. 


ASTEROPTYCHIUS ornatus, Ag. 


Portlocki, Ag. 
semiornatus, M ‘Coy 
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ASTEROPTYCHIUS ¢riangularis, 
[N. & W. 
AULACODUS obliguus, Pand. 
BYSSACANTHUS arcuatus, Ag. 
Oncuus arcuatus, Ag. 
B. crenulatus, Ag. 
B. dilatatus, Eich. 
B. levis, Ag. 

Oncuus dzlatatus, Kich. 
CAMPODUS Agassizianus, Kon. 
CarcHaropsis Lorilocki, Ag. 

prototypus, Ag. 
semiornatus, M‘Coy. 
Worthenz, Newb. 
CHARACODUS angulatus, Ag. 
PSAMMODUS cornutus, Ag. 
C. cuneatus, Ag. 
PsaMMoDuws covnutus, Ag. 
CHEIRODUS Jateralis, Eich. 
Ceratovus Zaferalis, Eich 
CuHeEirovus, Fervofejew?2, Pand. 
C. pes-rane, M‘Coy 
CHILODUS gracilis, Gieb. 
tuberosus, Gieb. 

CHOMATODUS affinis, N. & W. 
angularis, N. & W. 
arcuatus, St. John 
cinctus, Ag. 

HEtovpus czzctus, M‘Coy 

PsAMMODUS czzcfus, Ag. 


C. clavatus, M ‘Coy 
costatus, N. & W. 
cultellus, N. & W. 


denticulatus, M‘Coy 
Hetovus dexticulatus, M‘Coy 
C. elegans, N. & W. 


gracillimus, N. & W. 

linearis, Ag. 
PsamMonus Zzzearzs, Ag. 
Hetopus Zzxearis, M‘Coy 


C. loriformis, N. & W. 
molaris, N. & W.: 
multiplicatus, N. & W. 
obliguus, M ‘Coy. 

Hetopuws oédlzguus, M‘Coy 

C. pusillus, N. & W. 

truncatus, Ag. 
PETALODUS ¢runcatus, M‘Coy 

C. venustus, Leidy 

CLADACANTHUS paradoxus, Ag. 

CLADODUS acutus, Ag. 
angulatus, N. & W. 
basalis, Ag. 
conicus, Ag. 
costatus, N. & W. 
deflexus, N. & W. 
elegans, N. & W. 
Serox, N. & W. 
gracilis, N. & W. 
grandis, N. & W. 
Lhibberti, Ag. 
hybodoides, Barkas 

C. mirabilis, H.& A. 

C. aschypus, N. & W. 
lamnoides, N. & W. 
levis, M‘Coy 
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CLADODUS magnificus, N. & W. 


marginatus, Ag. 
micropus, N. & W. 
Milleri, Ag. 
mirabilis, Ag. 
mortifer, N. & W. 
occidentalis, M. & Hi. 
parvus, Ag. 
politus, N. & W. 
robustus, N. & W. 
simplex, Ag. 
Hysopus longiconus, Bich. 
C. spinosus, N. & W. 
stenopus, N. & W. 
striatus, Ag. 
turritus, N. & W. 
sygopus, N. & W. 


CoOCHLIODUS comfpactus, Ow. 
contortus, Ag. 
Psammopus conxtortus, Ag. 

C. costatus, N. & W. 
crassus, N. & W. 
levissimus, Newb. 
nobilis, N. & W 
CoMPSACANTHUS levis, Newb. 


CoPpoDus cornutus, Ag. 

PsamMonus cornutus, Ag. 

C. furcatus, Ag. 

PsamMopus cornutus, Ag. 
C. lunulatus, Ag. 

Psammopus cornutus, Ag. 
C. spathulatus, Ag. 

PsamMopus cornitus, Ag. 
Coscinobus Agassiz, Pand. 
COSMACANTHUS carbonarius, 

[M ‘Coy 

Malcolmsont, Ag. 
CRICACANTHUS Yonesi, Ag. 
CTENACANTHUS abucrmis, Gieb. 

angulatus, N. & W. 

arcuatus, Ag. 

Bohemicus, Barr. 

brevis, Ag. 


IcHTHYODORULITHES 67evz2s, Buck. 


C. costatus, N. & W. 
crenulatus, Ag. 
denticulatus, M‘Coy 
distans, M‘Coy 
gracillimus, N. & W. 
heterogyrus, Ag. 
hybodoides, Eg. 
major, Ag. 

Mayi, N. & W. 
minor 

nodosus, Kg. 
tenuistriatus, Ag. 


CTENOPETALUS serratus, Ag. 
PETALODUS serratus, Ow. 
@ CTENOPTYCHIUS serratus, Ag. 


CTENOPTYCHIUS aciculalus, 

[ Barkas 
cristatus, Dawson 
cuspidatus, Ag. 
denticulatus, Ag. 
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CTENOPTYCHIUS marginalis, Ag. 
pectinatus, Ag. 
AGEOLODUS diadema, Owen 

C. priscus, Ag. 
radicans, Ag. 
untlateralts, Barkas 
CYMATODUS oblongus, N. & W. 
DAaAcTYLoDUS digitatus, N.& W. 
Crenoptycuius adzgztatus, Leidy 
C. injfiexus, N. & W. 
lobatus, N. & W. 
princeps, N. & W. 
DELTODUS alatus, N. & W. 
angularis, N. & W. 
angustus, N. & W. 
cingulatus, N. & W. 
complanatus, N. & W. 
SJasciatus, N. & W. 
grandis, N. & W. 
Littoni, N. & W. 
rhomboideus, N. & W. 
spatulatus, N. & W. 
stellatus, N. & W. 
sublevis, Ag. 
P&CILODUS sublevis, Ag. 
parallelus, Ag. 
D. undulatus, N. & W. 
DELTOPTYCHIUS acutus, Ag. 
CocHLIODUS acufus, Ag. 
D. gzbberulus, Ag. 
Cocutiopus, Ag. ‘ 
DREPANACANTHUS anceps, 
[N. & W. 
gemmatus, N. & W. 
stellatus, N. & W. 
DICRENODUS Okensis, Roem 
DIMERACANTHUS concentricus, 
[Keys. 


DimMyYLeus Wood, Ag. 
PsAMMODUS cornutus, Ag. 
DIPLODUS acinaces, Dawson 
compressus, Newb. 
duplicatus, N. & W. 
etbbosus, Ag. 
PLEURACANTHUS gzbdosus, Eg. 
levissimus, Ag. 
levidens, Kner 
ptychodus, Kner 
AGANODUS afgzcalis, Owen 
undatus, Owen 
PTERNODUS productus, Owen 
OcHLODUS crassus, Owen 


D. gracilis, Newb. 
incurvus, N & W. 
latus, Newb. 
minutus, Ag. 
Ditropus adzvergens, Owen 
D. penetrans 
DIPRIACANTHUS /alcatus, M ‘Coy 
Stokesi, M‘*Coy 
EpDESTES Heinrichs, N. & W. 
minor, Newb. 
vorax, Leidy 
ERISMACANTHUS Jonesiz, M ‘Coy 
GETALODUS (?) Okzonensts, Safford 
GLOSSODUS marginatus, M‘Coy 
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GYRACANTHUS Alnwicensis, Ag. 
ICHTHYODORULITHES A luwicensis, 
[Buck. 
G. duplicatus, Dawson 
formosus, Ag. 
magnificus, Dawson 
obliquus, M‘Coy 
ornatus, Ag. 
tuberculatus, Ag. 
Mitrovus guadricornis, Owen, 


GYROPRISTIS obliguus, Ag. 


Cc 


” 
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P 


HAPLACANTHUS denuzsulcatus, Eich D 


H. marginalis, Ag. 

HARPACODUS dentatus, Ag. 

CTrENOPTYCHIUS dentatus, Ag. 

HELODUS angulatus, N. & W. 
antiguissimus, Eich. 
appendiculatus, M‘Coy 
biformis, N. & W. 
carbonarius, N. & W. 
compressus, N. & W. 
coniculus, N. & W. 
consolidatus, N. & W. 
crenulatus, N. & W. 
denshumant, N. & W. 
denticulatus, N. & W. 
didymus, Ag. 

Gtossopus Zingua-bovis, M‘Coy 

H. elytra, N. & W. 

gibberulus, Ag. 
Psammovus gzbéerulus, Ag. 

H. gibbosus, N. & W. 

levissimus, Ag. 
PsammMonus, Jevisszmus, Ag. 

H. imax, N. & W. 
mammillaris, Ag. 
mitratus, Ag. 
nobilis, N. & W. 
obliquus, M‘Coy 
placenta, N. & W. 
politus, N. & W. 
rudis, M ‘Coy 
rugosus, N. & W. 
simplex, Ag. 
subteres, Ag. 

PsamMonus suézeres, Ag. 

H. sulcatus, N. & W. 
tuberculatus, Ag. 
turgidus, Ag. 

PsammMonvus furgzdus, Ag. 


H. undulatus, N. & W. 


Ho.opus A‘prijanow2, Pand. 
HOMACANTHUS gibbosus, N. & W. 
macrodus, M ‘Coy 
microdus, M‘Coy 
rectus, N. & W. 
triangularis, Eich. 
Hysopoprsis Ward, sp. ined., 
[ Barkas 
HyYBonbus carbonarius, Gieb. 


2 


39 


Daviesii, sp. ined., Barkas ,, 


n. Sp., Barkas 
Cuiapovus mzrvabzlis, H. & A. 
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Hysopus Panderi, Fich. D Oropus compressus, M‘Coy Cc 
H. subcarinatus op corrucatus, N. & W. 39 
H. vicinalis, Gieb 4 j 
- Ub ’ : ” elecantulus, N. & W. 50 
Lasovpus flanus, Ag. a sibbus, Ag. he 
Psammovus cornutus, Ag. a0 2. ; aris, N. & W 
L. prototypus, Ag mammullaris, N. Bie 
i MRCS Nee 2? minusculus, N. & W. 
Psammovus cornutus, Ag. 4, : N ° W 2 
LEPRACANTHUS Colez, Eg. Ae minutus, N.& P Bs 
LEPTACANTHUS fs RUE Se ScINVESes 
Fenkinsoni, M‘Coy if ornatus, N. & W. 2» 
Gunceus, M‘Coy af plicatus, N. & W. An 
occidentalis, N. & W. uf porosus, M‘Coy ” 
APs, te in ramosus, Ag. 23 


tuberculatus, N. & W. oe 
ORTHACANTHUS cylindricus, AZ. 4s 
PAL&DAPHUS Devoniensis, v. BenedD 
insignis, v. Bened. & Kon. ,,5 
PELTODUS unguiformis, N. & We; 


vemotus, Kich. 
LISTRACANTHUS hystrix, N. & W. 
LopHopus variabilis, N. & W. 
MACHG@RACANTHUS Zeracutus, N. 
sulcatus, Newb. 


Mrsocomeuus Zingua, Ag. Cc PeRIPRIstis semicircularis, N. & WC 
Psammovus cornutus, Ag. ie CrENOPTYCHIUS seme a 
MONOPLEURODUS Ohhesaarensts, Ug ate ; vines 

[Pand. $ PETALODOPSIS mirabilis, Barkas  ,, 
Myxacopus guadratus, Ag. Cc PetaLopus Adleghaniensis, Leidy ,, 
PsamMopus cornutus, Ag. a apicalis, Barkas ” 
MyYLax batoides, Ag. CTENOPTYCHIUS CE Ag. D 
Psammonus cornutus, Ag. i. i Ore es Ow ” 
NAvLAs sulcatus, Ag. ut P. curtus, N. & W Oe iy 
NEMACANTHUS friscus, M‘Coy 5, j CLs Re we if 
. 9 : C 29 
ODONTACANTHUS asterolepis Hastingsie, Owen is 

Narcopves pustulifer, Ag. 43 Pip hombuseMio 
LopHo.eris Schmidtiz, Pand. Ss 1 7ROMOUS) NOW OY ” 
= acumtinatus, Ag. os 
O. crenatus, Ag. Cuomatonpus acumznatus, Ag. ue 

Crenorrycuius crenatus, Ag. P. levissimus, Ag 
O. heterodon, Ag. - ‘ Te, By aa) N.& W 22, 
ONCHUS curvatus, Pand. Ss PESOS 3 Ae > 09 
compressus, ich. P? aT Oo on ew »” 
Deweyi, Hall 5 parvu us, IN. . O5 
Pale politus, N. & W. i 
ubius, Pand. ies ee EW, 
falcatus, Ag. Cc nd a a ; ” 
hamatus, Ag. ¥ Ua S)0 eS ae 
heterocyrus, N PETALORHYNCHUS ps7dlacimus, IA8- 55 
BEES CED PeraLovus pszttacinus, Ag 

major, Ethr. 22 sagittatus, Ag. i, ce 
Mi urchisont, Ag. $ P. striatus, N. & W. AF 
Pp Hea AS Cc Prrropus acutus, N. & W. uk 
Lae Se 2» ucidentalis, N. & W. 5s 
semusiriaits, Ag: D patelliformis, M‘Coy 5 
sublevis, Ag. 22 pustulosus, N. & W. ss 
subulatus, Ag. c PHYSONEMUS arcuatus, M ‘Coy 58 
SUETOR SINGS is 80 vioas, N. & W. a 

Icutuyvoporutirues Byristoliensts, Fe A 
[Buck. St eres, g. 9 
O. tenuistriatus, Ag. D PINACODUS gelasimus, ae » 
tricarinatus, Pand. S P pian) kat Ss: ” 
ORACANTHUS adbdreviatus, Newb. D 2 OCT UED ENS a8 
v Psammopus cornutus, Ag. re 
con tuens, Ag. Cc P. sesamini, Ag. 96 
I Milleri, Ag. f 2 Psammonus cornutus, Ag. 
Oe nee a Cae PLATYCANTHUS isosceles, M‘Coy 5, 
O. minor, Ag. 33 PLEURACANTHUS cylindricus, Ag. 55 
pnigeus, N. & W. is Frossardi, Gaudry. 13 
pustulosus, Ag. 6D Jaciniatus, Roem. D 
vetustus, Leidy ae minutus, Ag. Cc 
OrovuS angustus, Ag. in planus, Ag. Hb. 
catenatus, Ag. Be porosus, Eich. D 


cinctus, Ag. ya tuberculatus, Kich. 
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PLEURODUS afinis, Ag. 
Pcitopus? Eg. 


P. Rankini, Ag. 


Cc 


2? 
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PLEUROGOMPHUS auriculatus, Ag. , 


PsAMMODUS cornutus, Ag. 
PACILODUS adiformis, M‘Coy 
angustus, Ag. 
Attheyi, Barkas 
convolutus, N. & W. 
Joveolatus, M‘Coy 
Fonesti, Ag. 
P. ¢ransversus, Ag. 
P. obligquus, Ag. 
ornatus, N. & W. 
vossicus, Keys. 
rugosus, N. & W. 
POLYRHIZODUS dentatus, N.& W. 
Littoni, N. & W. 
magnus, M‘Coy 
ponticulus, N. & W. 
porosus, N. & W. 
pusillus, M‘Coy 
radicans, Ag. 
. PETALODUs vadicans, Ag. 
rectus, Ag. 
P. truncatus, N. & W. 
PRIONOCANTHUS dudins, Pand. 
PRISTACANTHUS marinus, Eich 


PRISTICLADODUS dentatus, M ‘Coy 


Goughi, M‘Coy 
PRISTODUS /alcatus, Ag. 
PsAMMODUS angularis, N. & W. 

Goughiz, M‘*Coy 

obtusus, Ag. 

porosus, Ag. 

reticulatus, N. & W. 

rhomboideus, N. & W. 

rugosus, Ag. 

P. canaliculatus, M‘Coy. 
P. semuicylindricus, N. & W. 


PsEPHODUS magnus, Ag. 
CocHLioDuUS magnus, Ag. 
Hetopvus planus, Ag. 


PTYCHACANTHUS dubius, Ag. 
sublevis, Ag. 


RABDACANTHUS ¢runcatus, Pand. 


RHYMODUS ¢ransversus, Ag. 
PsAMMODUS cornutus, Ag. 
Rrnovus calceolus, N. & W. 
SANDALODUS angustus, N. & W. 
carbonarius, N. & W. 
crassus, N. & W. 
grandis, N.& W. 
levissimus, N. & W. 
parvulus, N. & W. © 
spatulatus, N. & W. 
SPHAGODUS pristodontus, Ag. 
SPHENACANTHUS serrelatus, Ag. 
STENACANTHUS z2tidus, Leidy 
SfREBLODUS Colez, Ag. 
Cocuuiopus oblongus, Ag. 
S. Zgertoni, Ag. 
Cocuiopus oblongus, Ag. 
S. oblongus, Ag. 
Cocutiopus oblongus, Ag. 
STROSIPHERUS ixdentatus, Pand. 
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STROSIPHERUS /evis, Pand. 
serratus, Pand. ° ! 
THELODUS parvidens, Ag. 
Pacuy.epis Glaber, Pand. 
costatus, Pand. 
striatus, Pand. 
Ce@Loteris /evzs, Pand. 
Schmidti, Pand. 
Goebelli, Pand. 
carinatus, Pand. 
Nostotepis s¢yzatus, Pand. 
GompHoovus saxdelensis, Pand. 
TOMODUS convexus, Ag. 
CocHLiopus magnus, Ag. 
TRIGONODUS major, N. & W. 
minor, N. & W. 
TRISTYCHIUS arcuatus, Ag. 
minor (2), Portlock 
WODNIKA striatula, Mnstr. 
Acropus Althauszz, Mnsir. 
STROPHODUS augustus, Mnstr. 
arcuatus, Munstr. 
XENACANTHUS Dechezi, Kner. 
OrTHACANTHUS Dechenz, Gold. 


XYSTRACANTHUS arcuatus,M.& Hi. 


XYSTRODUS angustus, Ag. 
Cocuuiopus s¢vzatus, Ag. 
X. occidentalis, St. John 
striatus, Ag. 
Cocutionus striatus, Ag. 


RAYS. 


ByZENOS Jlatipinnatus, Mnstr. 
DIcTEA striata, Mnstr. 
Acropus larva, Ag. 
Janassa angulata, Mnstr. 
bituminosa, Mnstr. 


TRILOBITES b2tumznosus, Schloth. 


J. compressus, Barkas 
J. dictea, Mnstr. 
Humboldtiz, Mnstr. 

JANASSA zmbricatus, H. & A. 

Cuimaxonus zmbricatus, M‘Coy 
J. minutus, Barkas 

Ciimaxopus v2nutus, Barkas 
J. ovatus, Barkas 

Ciimaxopus ovatus, Barkas 

C. lingueformis, H. & A. 

Janassa Lingueformis, H. & A. 
J. vermiformis, Barkas 

Cummaxonus vermzformis, Barkas 
RADAMAS macrocephalus, Mnstr. 


GANOIDS. 


ACANTHODES Sronuniz, Ag. 
ACANTHOESSUS Bronnzz, Ag. 
A. coriaceus, Kg. 
gracilis, Beyr. 
Mitchelli, Eg. 
A. antiguus, Eg. 
A. Peachit, Kg. 
pusillus, Ag. 
sulcatus, Ag. 
Ward, Eg. 
AcanTHopopsis Zgertoni,H.& A. 
ACROLEPIS acuievostris, Ag. 
angustus, Mnstr. 
asper, Ag. 
A. Sedgwickit, Quenstedt 
Dunkeri, Germ. 


f 


W. J. Barkas—List of Paleozoic Fishes. 


Patzxoniscus Dunkerz, Germ. 
GYROLEPIS asfer, Ag. 


ACROLEPIS exsculptus, Mnstr. 


A. 


PaLzoniscus. exsculpfus, Germ. 
ACROLEPIS ovnatus, Mnstr. 
giganteus, Mnstr. 
LHopkinsi, M‘Coy 
Hotorrycuius Hophkinsz, M‘Coy 
flortonensis, Dawson 
intermedius, Mustr. 
macroderma, Eich. 
Murchisont, Fisch. 


TETRAGONOLEPIS Wurchisouz, Fisch. 


reticulatus, Kich. 

rhombifera, Eich 

Sedgwicki, Ag. 
PALZoNISCUS, Sedg. 

n. sp., Aitkin 


AMBLYPTERUS anconoechmodus, 


Ae 


> 


[ Walker 


eupterygius, Ag. 
PALZOTHRISSUM eupterygium, Ag. 
. lateralis, Ag. 


A 
UNG 
A 


PaLzoturissuM daterale, Ag. 


latus, Ag. 


PaLzoTuRISSuUM Jatum, Ag. 


. macropierus, Ag. 


b>) 


PALZONISCUM macropterum, Broun. 


PALHOTHRISSUM dorsale, Ag. 


. neniopterus, Ag. 


Olfersi, Ag. 
Portlocki, Eg. 
punctatus, Ag. 
striatus, Ag. 


AMPHICENTRUM gvanulatum, 


[| Hux.. 


striatum, H. & A. 


ARCHONECTES fertusus, H. v. 


ARCHICHTHYS szlcidens, H. & A. 
ASTERACANTHUS siderius, M.& H. 


[Mey. 


ASTEROLEPIS Bohemicus, Barr. 


concatenatits, Eich. 
ASTEROLEPIS 72207, Ag. 
Actinotepis fuberculatus, Ag. 
CHELYoPHoRUs pustulatus, Ag. 
PTERICHTHYS, depressus, Kich. 
concatenatus, Kich. 


A. depressa, Eich. 


Heninghausi, Ag. 
Maleolmsoni, Ag. 
ornata, Eich. 
ASTEROLEPIS afpzcalzs, Eich. 
Asmussz, Ag. 
granulata, Kich. 
sfectosa, Eich. 
CHELONICHTHYS Asmusszz, Ag. 
PrericHtHys Harderz, Pand. 
elegans, Pand. 
CoccostEus maximus, Ag. 


A. verrucosa, M ‘Coy 
AUCHENASPIS /gertonz, Lank. 


Saltert, Eg. 


AULACOSTEUS oviformis, Eich 


A. 


Pryctropus uwzcznatus, Pand. 
cochleariformis, Eich. 
Prycropus oblzquus, Pand. 


BOTHRIOLEPIS /avosa, Ag. 


DeEnpDRovbus favosus, Eich. 
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Guyptosteus favosa, Ag. Dp 
BoTHRIOLEPIS orzata, Eich. oA 
GtiyptosteEus veticulatus, Ag. By 
CAMPYLOPLEURON, Hux. Cc 
CATOPTERUS angi ouilli iformis, Redf. P 
gracilis, Redf. a9 
parvulus, Redf. Ap 
Redjieldi, Kg. 5H 
CEPHALASPIS Dawsonz D 
Lewisiz, Ag. 20 
Lightbodit, Lank. 33 
Lloydi, Ag. a5 
Lyedli, Ag. oe 
Schrenki, Pand. SS) 
CEPHALOPTERUS Lagei, Powr. D 
CERATODUS, Ag. Cc 
CHEIRACANTHUS grandispinus, 
[M‘Cov D 
C. lateralis, M‘Coy Bf 
latus, Eg. a 
microlepidotus, Ag. 6 
muinor, Ag. op 
Murchisoni, Ag. 9p 


pulverulentus, M‘Coy es 
CHEIROLEPIS Cummingia, Ag. 5, 


C. curtus, M‘Coy ay 
C. posthumus, Eich. ie 
Traillt, Ag. Dp 


C. velox, M‘ Coy 
macrocephalus, M‘ come mh 


C. uragus, Ag. 
CHELYOPHORUS primigentus, Eich., Ks 


reiculatus, Ag. Bs 
Verneuilli, Ag. an 
CLIMATIUS acutatus, Eich. Ms 
SCULILEL, Eg. a 
BRACHYACANTHUS isculizer, Eg. op 
IcTINOCEPHALUS grvanulatus, Page 
C. uncinatus, Eg. 5p 
HoMacantuus arcuatus, Ag. 35 


gracilis, Kich. 

Hysopus gvaczlzs, Eich. 
CLEITHROLEPIS granulatus, Rig. C(?) 
COccoPELTUS Asmussz, Pand. S$ 
COccoOsTEUS Agassizit, Barr. ue 
carbonarius, M‘Coy Cc 
cuspidatus, Ag. D 


decipiens, Ag. 59 

C. latus, Ag. a3 

C. microspondylus, M‘Coy AA 

C. trigonaspis, M‘Coy 3 

C. Milleri, Ag. 55 
oblongus, Ag. Be 

obtusus, Pand. 90 
primus, Barr. s 
pusillus, M‘Coy D 


C. mznor, Miller 


a0 
CELACANTHUS caudals, Keg. P 
elegans, Newb, Cc 
elongatus, Hux. s 

gracilis, Ag. 
granulosus, Ag. 
Ffassi@, Mnstr. 33 


lepturus, Ag. 
Munsteri, Ag. Ay 
% 
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CG@LACANTHUS ornatus, Newb. C DIPLOPTERAX Gorealis, M‘Coy OD 
Phillipsiz, Ag. bys DieLoprerus borealis, Ag. 9 
robustus, Newb. D. oes M‘Coy 
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Jiliferus, Cope » DIPLOPTERUS carbonarius, Ag. 
CONCHODUS ostreiformis, M‘Coy ,, Robertsoni, Ag. oe 
plicatus, Dawson » DIPTERONOTUS cyphus, Eg. - D 
CONCHOPOMA gadzforme, Kner. P DIPTERUS arenaceus, Eich. a 
CRICODUS zncurvus, Ag. D glaber, Pand. 5 

TEBE ODES encurvus, OW. ” macrolepidotus, Sedg. & 

OLYPLOCODUS zzcurvus, Pand. aa M 
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C. obtusus, Barkas 


27 
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octodorsalis, Barkas c 
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ovatus, Barkas is hee Gieb. a 
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GYROLEPIS maximus, Ag. 
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HoMoOTHORAX Fleming, Ag. 

Hopiopycus Lzzneyi, Ag. 

ISCHYPTERUS Agassizit, Redf. 


fultus, Redf. 


Pat#oniscus fultus, Ag. 
macropterus, Redf. 


I. datus, Redf. 


Patzmoniscus Zatus, Redf. 
Eurynotus ¢enuzceps, Ag. 


I. macropterus, Redf. 
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Isopus dleptognathus, M‘Coy 
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Crentrovus strzatulus, M‘Coy CS 
MEGALICHTHYS coccolepis, Young ,, 
Jalcatus, Ag. 65 
Lhibberti, Ag. 3p 
GANOLODUS szcula, Owen of 
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Ward, Young a 
MYRIOLEPIS Clarke, Eg. bof 
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OROGNATHUS conidens, Ag. i 
ORTHOGNATHUS veticulosus, Barkas ,, 
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caudatus, Hecker ia 
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P. elegans, Sedg. 
PALZOTHRISSUM elegans, Sedg. # 
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tneguilobum, Huot. 
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PALEOTHRIssUM valgatissimum, Ag. PLATYsomusS Fuldai, Mnstr. P 
Crurea Lametheriz, Blain. wbbosus, A i Cc 
ACCIPENSER b2tuminosus, Germ. s & » Ag. 3 
IcHTHYOLITHES ezslebensis, Scheuhzer TROMATEUS gzbbosus, Blain. 

‘ angulatus, Germ. 

PALZONISCUS Gelberti, Goldf. Cc RuomsBus mznor, Scheuchzer 
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elaphyrus, Ag. P P. intermedius, Mnstr. P 
eracilis, N. & W. Cc Tr Maen Ag. ” 
Hancocki, Atthey. BA P FEEL RON Ag. Cc 
hablike, Geinitz. ? POE aS: A 
lepidurus, Ag. Cc 2 Fines a e 
longissimus, Ag. P SineGmes yes ii 
macrophthalmus, Ag. ov Knorrit, Germ. 
mLacropomus, Ag. AN RHOMBUS @luvianus Major, Wolfarth 

PALMOTHRISSUM gigas, Ag. Be P. rotundus, H. & A. Cc 

P. magnus, Ag. 4d striatus, Ag. P 

PALZOTHRISSUM magnum, Blain. Uropreryx striatus, Ag. 

Paramoniscus megacephalus, Kurtze. PLECTROLEPIS rugosus, Ag. Cc 
P. minutus, Ag. Cc PODODUS cafpitatus, Ag. 98 

PAL#oTuRISSUM minutum, Ag. 5 PSAMMOSTEUS avenatus, Ag. 

P. monensis, Eg. i a PLAcosTEuS avenatus, Ag. i 
nanus, Eich. CuHEIROLEPIS splendens, Hich. 2D 
obliguus, Hecker. i LopHostEus suferbus, Pand. Ss 

: ONISCOLEPIs serxatus, Pand. 3 
opisthoplerus, Troschel crenulatus, Pand. s 
ornatissimus, Ag. 50 P. sranulatus, M‘Coy 
ornatus, Mnstr. P meandrinus, Ag. D 
ovatus, Redf. mC PLacostEus meandrinus, Ag. se 
peltigerus, Newb. i MIcROLEPIS bah ratenee 

E€X1LLUS, «41CN. 
pygmaeus, Meyer. Crenacantuus serrulatus, Ag. 
Reuss?, Hecker. 5 ornatus, Kich. D&C 
Robisoni, Hibb. Cc P. paradoxus, Ag. i 
Scheufkini, Fischer. p PsAMMOLEPIS faradoxus, Ag. x 
scutigerus, Newb. Cc P Piet React picks 
¢ : , Ag. 
SPECUOSUS, Mnstr. P Pracosteus undulatus, Ag. ie 
striatus, Cc CHEIROLEPIS wxzzlateralis, Eich. ,, 
striolatus, Ag. #3 P. vermicularis, M‘Coy Cc 
M Stschurowskiz, Fisch. Ne. PYERASPIS Crouchiz, Salter D 
RACHELACANTHUS Stschurowskiz ,, Mitchelli, Powrie oe 
P. tenutcaudus, Troschel Cc rostratus, Ag. 
: , Ag. 
tuberculatus, Eich. P CEPHALASPIS vostvatus, Ag. ee 
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Vratislaviensis, Ag. 4s cancriformis, Ag. 4 
Voltztt, Ag. Cc cellulosus, Pand. uf 
Ward, Hux. bk cornutus, Ag. 2 

PAMPHRACTUS Andersoni, Ag. , hydrophilus, Eg. 55 
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Jalcatus, Powr. 5 P. datus, Ag. >» 

PEPLORHINA anthracina, Cope C macrocephalus, Eg. ” 

PHANEROPLEURON A ndersoni, Hux.D major, Ag. » 

PHLEBOLEPIS elegans, Pand. S Pp ne LEGUA SNES 2 

PHYLLOLEPIS concentricus, Ag.  D irate BL S: A 2 
Portlockit, Ag. « c 0 ees io » 
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PLACOTHORAX Agassiziz, Meyer. ,, ie ee S: ue 
paradoxus, Ag. ie pois NN a2 

PLATYGNATHUS Famesoni, Ag. ,, Pp in re CP 22 

CuIaAsToLeris clathratus, Eich. MOIS REO, Bonnardt, Ag. Cc 
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; Ae PALZOTHRISSUM magnum, Blain. 
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Fischeri, Arnd. P latus, Eg. 
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P. scoticus, Bronn. P 
Sauropsis scoticus, Ag. 
NEUROPTERYX mandibularis, Ag. 


RHIZODOPSIS granulatus, Ag. 


Hotorrycuius granulatus, Ag. 9 

R. sauroides, Williamson A 

Dittovus sarallelus, Owen on 

GANALODUS Cvaggesz7, Owen Wy 
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gracilis, M‘Coy BS 

R. Hardingi, Dawson Be 

Lhibberti, Owen 35 

Hotortycuius Hzbébert:, Ag. op 
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ZENASPIS Salweyz, Lank. 
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IiJ.—On Uxowzuus uacnus, A New Fossin Fish rrom tHe Coat- 
Measurrs or Arrpri£, LANARKSHIRE. 


By R. H. Traquair, M.D. 


HE specimen (No. 87,958 of the British Museum Collection), 
which forms the subject of the present notice, is from the 
Blackband Ironstone of Airdrie, and, I understand, from the same 
bed which yielded the first known specimen of Anthracosaurus 
Russelli. The fossil is unfortunately very imperfect, though it dis- 
plays a considerable portion of the body of a large fish lying on its 
right side. Both the head and the caudal extremity, however, are 
gone, nor is the ventral margin shown; but the line of the back is 
pretty nearly intact, and is seen to be bordered by the long dorsal fin 
characteristic of Phaneropleuron and of Uronemus. What remains of 
the body shows a confused mass of ribs, spinous processes, and inter- 
spinous ossicles, compressed against a groundwork of what are 
apparently large and very thin rounded scales. The specimen, 
measuring 154 inches in length, by 53 inches in breadth at its broadest 
part, presents thus a considerable part of the abdominal, with the 
anterior part of the caudal region of a fish, which, when entire, must 
have been in all probability more than two feet long. 

Scales.—F rom the manner in which these are squeezed together, it 
is impossible to determine accurately their size and shape; to judge 
from their lines of growth, however, they seem to have been 
cycloidal, or perhaps acuminate-cycloidal, like those of Rhizodopsis, 
and to have been of considerable size. On some parts of the fossil 
impressions of portions of their attached surfaces may be seen, and 
these show very fine close lines of growth, crossed by still more delicate 
radiating striz, and places occasionally occur where the concentric 
lines cease and only the radiating ones remain. What one is tempted 
to consider the external surface of the scales shows a very beautiful 
and exceedingly minute granulation, often passing into a fine granular 
striation, by the granules becoming arranged in parallel rows. But 
whether we are here dealing with the actual external ornament of 
the scale, or with internal structure only, it is difficult to decide, from 
the want of the counterpart of the specimen, and from the extreme 
delicacy of the parts in question. 

Internal skeletonA mass of ribs, rather confused, is seen in the 
anterior part of the specimen, and extends for about 6 inches back. 
Each rib is stout, pretty strongly curved, enlarged at its head, nearly 
cylindrical for a good part of its length, but getting laterally flattened 
towards its termination, though in no case is the extreme point seen. 
The most entire rib on the specimen measures 2% inches along its 
curvature, and 2.1. inches directly from head to ventral extremity, 
while its diameter at one-third of its length below the head is 
=; inch. A very delicate groove is seen in many instances, extending 
down from the head for a little distance near the outer aspect of the 
body of the rib. An internal tubular cavity, filled with white carbon- 
ate of lime, is seen to traverse the greater part of the length of some 
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ribs whose inner structure has been laid open. Of spinous processes, 
some are seen of course scattered among the ribs in the front of the 
specimen, and where the ribs cease posteriorly, the skeleton is repre- 
sented by a pretty confused mass of spines and interspinous bones. 
As to the spinous processes themselves, their remains are too much 
broken and jumbled together to allow of any description of their 
form, or of that of the vertebral arches from which they spring. 
They seem to have been very strong and powerful, and some of their 
fragments measure 14 inches in length by 4 inch in diameter; they 
are also hollow, with an internal tubular cavity filled with carbonate 
of lime. Many interspinous bones, or fin-supports, occur scattered 
about, these are laterally flattened, expanded at both ends, and narrow 
in the middle; some of them, varying from # to 1 inch in length, 
are seen isolated and well defined in form, lying opposite the portion 
of the dorsal fin shown in the specimen, but none in actual contact 
with it. 

Dorsal fin.—This commences distinctly to be seen at 5 inches from 
the front of the specimen, and thence extends back for the whole of 
its length ; but I doubt whether the actual commencement is seen. 
The portion of the fin exhibited is 104 inches long, and one inch 
broad near its commencement, attaining, however, a breadth of two 
inches posteriorly. The fin consists of very numerous closely set 
‘ rays, converging towards their attached extremities into small sets 
of 3 or 4, apparently resulting from the division of one original 
individual, though unfortunately the actual proximal commencement 
of the rays is not clearly shown. Their direction is very oblique to 
the dorsal margin of the body, and this obliquity increases the 
further back we go, till in the broad part of the fin, behind where 
the dorsal margin falls away towards the tail, it is such that each 
ray must have attained 4 inches in length. Towards their extremi- 
ties the rays are seen to have split up into very minute divisions, 
with distinct though proportionately distant transverse articulations. 
No transverse articulations occur, however, in the first part of their 
length, varying from 14 inches in the front of the fin to 24 inches 
in the longer rays behind. 

Conclusion.—The fish, whose fragmentary remains have been just 
described, evidently belongs to a new species; but, unfortunately, 
the evidence as to the genus to which it ought to be referred is by 
no means complete, as the specimen shows no head, nor any fins 
except a portion of the dorsal. It is very evident, however, that it 
belongs to the family Phaneropleurini, and I consider that it is on 
the whole safer to refer it to the Carboniferous genus Uronemus, 
Agass., than to any other. The only other species of this genus 
which is as yet known is the Uronemus lobatus, Agass., of the Burdie- 
house Limestone, a very small fish, none of the known specimens of 
which have exceeded 7 inches in length. I propose then, provision- 
ally at least, to bestow upon the fish from Airdrie the specific name 
of Uronemus magnus. 


506 James Thomson—New Carboniferous Corals. 


IV. — Descriptions or New Corals FROM THE CARBONIFEROUS 
Limestone oF SCOTLAND. 


By Jas. Tuomson, F.G.S. 
Corr. Memb. R. Soc. Sci. Liége, Belgium. 


(PLATE XX.) 


AVING been engaged for many years in collecting and studying 
the corals of the Mountain Limestone of Scotland, I propose, 
in the present communication, to describe some of the new species 
which have come under my notice. Some of these were discovered 
in a thin bed of shale from five to nine inches thick, which overlies 
the low post of limestone in Trearn Quarry, near Beith, Ayrshire. In- 
deed, this horizon throughout Great Britain may be safely said to be the 
zone in which simple corals existed in greater abundance, and at- 
_ tained greater dimensions, than in any other section of the Mountain 
Limestone. There are a few forms found in the upper members of 
the period. So far, however, as my investigations have gone, these 
are limited both in genera and species; and, with only one or two 
exceptions, are all more or less simple in their organization. It is 
not my intention at present to enter into any elaborate strati- 
graphical arrangement of beds, or classification, or distribution 
of the different genera or species. That will form matter for 
a memoir, in which I hope to delineate not only the almost im- 
perceptible gradation from one species into another, but also the 
persistent modifications that occur between. the different genera. 
Indeed, those modifications are so constant, that it often becomes 
difficult to say where one genus begins, and its next ally ends. This 
is a result that can only be safely attained by examining an exten- 
sive collection of specimens, all of which must be sectioned with 
great care. From my own personal observations, assisted by my 
friends, I shall be able to note the stratigraphical distribution of the 
genera and species throughout the three kingdoms. Such a memoir 
is a great desideratum ; and it can only be prepared from personal 
investigation and examination of sections. Only thus can we ascer- 
tain in what condition the genera and species are found. 

In the mean time, I intend giving brief descriptions of some new 
genera and species which I have discovered. Some of these have 
been noticed in my Reports on the investigations into the Mountain 
Limestone Corals, in the Reports of the British Association. And 
here I beg to acknowledge the kindness of the Council of the Asso- 
ciation, shown in their making money grants to assist me in my 
investigations. 


Family : CYATHOPHYLLID &. 
Tribe: RopopHyLLEsiA. 
Genus: Rodophyllum. 

Generic characters.—Corallum cylindro-conical, usually tall, fre- 
quently from eight to ten inches long; curved, and presenting 
well-marked accretion ridges, Epitheca thin and smooth. Calice cir- 
cular, shallow, and slightly everted. Septa thin, numerous, and formed 


aS 


Li 


ah 


Sa 


&S 


7 


A 


ay 


i 


e 


OK 


Ny 


Gardner & Stevenson. Imp, 


n DEL. 


o 


Ja: Thoms 


° a 


2M! 


5 
/ 


| ill: 


7 
LG 


Wt 


5 PUT 


OMSOTLS 


hh 


/ 


StPULe 


James Thomson—New Carboniferous Corals. 557 


by well-developed thin lamin for about two-thirds of their length 
from the inner margin; while in the outer margin they become 
single and flexuous. Columellarian boss dome-shaped, and slightly 
raised above the inner margin of the primary septa, and clasped by 
sub-convolute ridges. 

I have established this genus for the reception of a group of corals 
which I discovered many years ago in Trearn quarry, and in Poneil 
Water, near Lesmahagow, Lanarkshire. The passage from the 
earlier stages of growth to maturity or an average size, in this 
genus, presents some interesting details. In the earlier stages the 
septa are bounded by a thick epitheca, and the dissepiments that fill 
up the interseptal spaces are sparsely developed. (See Pl. XX. Figs. 3 
and 3a.) The septa are also thicker than they are in a more mature 
coral, or until they become more cylindrical in outline. Then they 
become thinner and more flexuous towards the outer margin, and an 
increase of dissepiments is observed. In a young coral the lamellae 
are sub-convolute, and fold round, clasping the rotund boss that fills 
up the centre of the calicular cavity. (See Pl. XX. Fig. 3.) It is 
like an unexpanded rose-bud, from which I take the generic name. 
But increase in size shows the lamelle less convolute, and presents 
an aspect similar to the petals of a rose in an advanced stage of ex- 
pansion. They stretch across the centre space, and become less con- 
volute. In an average-sized coral the lamellz pass across the centre 
of the calice at various angles, thus presenting, when exposed in a 
transverse section, an almost confused mass of cellular structure. 

In a mature specimen the coral presents a uniformity of thickness 
for six to eight inches of its length, is more or less marked with con- 
strictions, and exhibits a corresponding diminution or augmentation 
of the number of the dissepiments which fill up the interseptal 
spaces. This will be better understood by referring to Pl. XX. Fig. 1. 


Rodophyllum Craigianum, Thomson. sp. nov. Pl. XX. Fig. 1 and 1a. 


Specific characters.—Corallum cylindro-conical, very tall, curved, 
and marked with broad accretion ridges. Calice circular, slightly 
everted,’ two inches in diameter. Columellarian boss rotund, 
slightly raised above the inner margin of the primary septa, and 
crowned with sub-convolute lamelle. Septa numerous, straight, 
thin, and formed by distinct lamin for two-thirds of their length 
from the inner margin. There they become single and flexuous ; 
—there are 88 primary, and an equal number of secondary. ‘The 
latter pass inwards from the epitheca for about one line in 
length ; they then bend and become attached to the primary septa. 
Hach is laterally united by numerous minute angular dissepi- 
ments. Central area eight lines broad, formed by sub-convolute 
plates.. Fossula with two short septa in it, these are bound to 
the central mass by two plates passing into it. In a longitudinal 
section no columellarian line is seen passing down the centre, as in 
some closely allied forms. A series of lamellar plates passes down- 
wards at various angles for a short distance, and are laterally united 
by concave dissepiments. The intermediate area is filled in by 
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convex plates; while the outer area, or interseptal spaces, is filled up 
with minute convex dissepiments. Convexity upwards and outwards. 
. This coral equals in size what has been termed Zephrentis cylin- 
drica, and has even been classified as such. If, however, sections 
are made and examined, it is clearly seen to be excluded from all 
existing genera. It is dedicated to that indefatigable explorer of 
Ayrshire fossil-beds, and excellent geologist, Mr. Robert Craig. 
He has uniformly aided me by assiduously laying aside many speci- 
mens which otherwise would have been buried in the quarry débris, 
and I beg to offer him my thanks for all his kindness. 
Height of corallum 10 in.; diameter of calice 2 in. Position 
near the base of the Carboniferous Limestone, in a thin bed of shale, 
in Trearn Quarry, near Beith, Ayrshire. 


Rodophyllum Slimonianum, Thomson. sp. nov. Pl. XX. Fig. 2. 


Specific characters.—Corallum cylindro-conical, curved, with small 
accretion ridges. Calice circular. Septa 44 primary, which at their 
inner margin, and for half their length, are more or less clavate, 
and cellular. The septa on the outer half, passing to the wall, are 
thin and flexuous, with an equal number of long, slender secondary 
septa which pass inwards more than half the length of the primary 
septa. ach is laterally united by numerous angular dissepiments. 
The fossula has three short septa in it, and a portion of the endotheca 
of the central mass passes into it. The specimen, being only a 
fragment, does not warrant me in giving more details; but the 
clavate termination of the primary septa clearly excludes it from 
any known species. 

Height of corallum unknown; diameter of calice 2 im: 5 lines; 
diameter of columellarian space 1 in. The specimen was found at 
Brockley, Lesmahagow, in the lower beds of the Carboniferous 
Limestone, by Mr. Robert Slimon, Surgeon. He has long and 
carefully worked out the geology of the upper ward of Lanarkshire. 
To him I owe the use of the specimen, and I dedicate the species 
to him. 


Rodophyllum simplex, Thomson. sp. nov. Pl. XX. Figs. 8 and 8a. 


Specific characters.—Corallum turbinate, curved. Calice mode- 
rately deep and circular. Columellarian boss rotund, and crowned 
with sub-convolute lamellae. Septa not very well defined—the 
specimen being imperfect, I have no data to determine exactly their 
number and arrangement. The epitheca and septa are eroded away 
on the concave side by atmospheric agencies. If, however, these 
details are wanting, we are compensated by having the columellarian 
boss exposed to near the lower extremity of the coral, and this 
enables us to form a correct idea of its form, and of the arrange- 
ment of the lamellae. It is rotund in outline, and resembles an 
unexpanded rose-bud. 

Height of corallum about 12 in. The coral is found at Brockley, 
Lesmahagow, in a band of shale interstratified between thin beds of 
Limestone, and is associated with numerous other corals. 
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Rodophytlum Phillipsianum, Thomson. sp. nov. Pl. XX. Fig. 4. 


Specific characters.—Corallum turbinate, short, and marked with 
small accretion ridges. Calice circular, moderately deep. Columel- 
larian bosg rotund, slightly raised above the inner margin of the 
primary septa, and crowned by sub-convolute lamelle. Septa 
numerous, 60 primary, exhibiting well-marked lamina near their 
inner margin, where they are fusiform, and curve gently towards 
the fossula, or from left to right. There is an equal number of 
secondary septa, which pass inwards from the wall for about two 
lines. There they bend and become united to the primary septa. 
Hach are laterally united with numerous angular dissepiments, which 
fill up the interseptal spaces. 

Height of corallum 2 in.; diameter of calice 1 in. and 11 lines. 

This species differs from Rod. Craigianum in its turbinate form, 
and the smallness of the central boss, and in the number and arrange- 
ment of the interseptal dissepiments. 

Position.—Found in a thin bed of shale overlying the low post 
of Limestone in Trearn Quarry, near Beith, Ayrshire. 

I dedicate this species to the late Prof. John Phillips, F.R.S., 
as an expression of my appreciation of his uniform urbanity and 
kindness, nowhere better exemplified than in Section C. at the 
Meetings of the British Association. 


EXPLANATION OF PLATE XX. 


Rodophyllum Craigianum. 
Fie. 1. The usual appearance of a longitudinal section. 

la. A transverse section, natural size. 
Rodophyllum Slimonianum. 

2. A transverse section, natural size. 
Rodophylium simplex. 

3. Corallum with epitheca and septa eroded away, exposing the columel- 

larian boss. 

3a. A transverse section, natural size. 
Rodophyllum Phitlipsianum. 

4. <A transverse section, natural size. 
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I.—Report oN THE PHysIcAL CHARACTER AND RESOURCES oF 
Griepstanp. By A. J. Skene and R. Brovucu Smuytu. 8vo. 
pp. 65. (Melbourne, 1874.) 


HIS is an Official Report, made by the Surveyor-General and the 
Secretary for Mines, to the Hon. J. J. Casey, Minister of Lands 
and Agriculture for the Colony of Victoria. 

The writers describe the general physical features of Gippsland, 
the soils, timber, the rivers and lakes. The lakes “are -full of 
interest. Occupying extensive but shallow depressions in the great 
tract of level Tertiary country (which has its limits on the north 
as far as Kangaroo Creek, a tributary of the River Mitchell, on the 
west in the tributaries of the La Trobe, and on the east at Ram Head), 
these waters may be regarded as similar to the pools that are left 
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in the sands when the tide has receded. The laws which govern 
the flux and re-flux of tides do not, however, govern these. The 
waters have not diminished nor drawn back. The land hag risen. 
.. . The lakes are being gradually filled with mud and,sediment; 
and every year, with the advance of settlement, the worl? of filling 
up will proceed more rapidly.” 

The principal geological features are described and illustrated by 
sections. Reference is also made to the mineral wealth of the 
district. Osmiridium has been collected in small quantities near 
Stockyard Creek. Gold is being actively worked; while silver, tin, 
copper, lead, antimony, zinc, bismuth, manganese, molybdenum and 
iron are met with in places. 


T.—A Sxeron oF THE GroLoGy oF THE Istz or Man. By Joun 
Horne, F.G.S8., of the Geological Survey of Scotland. (Trans. 
Hdinburgh Geol. Soc. vol. ii. part 3, 1874.) 

HIS is an interesting sketch of the principal features of the 
geology of the Isle of Man. After indicating the previous 
literature on the subject, the writer briefly refers to the Silurian 
rocks, which may be of Lower Llandeilo and Lower Caradoc age. 

Beds hitherto assigned to the Old Red Sandstone period are included 

under the heading of the Calciferous Sandstone series, which series, 

as developed in Scotland, they resemble in lithological characters. 

The Carboniferous Limestone series, forming three groups, is next 

described; and then follow descriptions of the igneous rocks. The 

glacial phenomena of the Isle prove that it has been overflowed by 
glacier ice. According to Mr. Horne, the Till is in all respects 

similar to the Scotch Till. and he observes abundant evidence of a 

strange intermingling of foreign rocks in it, which must have 

travelled from the coast of Cumberland, the south of Scotland, and 
the north of Ireland. 


Tll.—Lz Preropacrytus Kocar pu Musir Tryvier. Par Dr. T. C. 
Winkter. (Haarlem, 1874.) 
MONG the important additions obtained by the Directors of the 
Teyler Museum, is a tolerably perfect specimen of a Ptero- 
dactyle, from the Lithographic Stone of Bavaria, which has been 
fuily described by the indefatigable Curator, Dr. Winkler, in the 
third volume of the Archives of the museum. 

The comparatively good state of preservation of the bones of the 
skeleton has enabled the author to carefully compare them with the 
bones of those species which have the greatest resemblance to it; 
these are the Pt. micronyx, von Meyer ; Pt. spectabilis, von Meyer ; 
Pt. Meyeri, Miinst.; and the Pt. Kochi, Wagner. In P. micronyz 
(described in vol. ii. of the same Archives, 1870), the metacarpal 
equals in length the bones of the fore-arm, the metatarsals are 
small, the first is longer than the three others, even than the fourth ; 
in this specimen the metacarpal bones are shorter than those of the 
fore-arm, and the metatarsals are even longer and thicker. This 
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specimen differs from P. spectabilis in the length of the head and of 
the metacarpal and fore-arm bones, and from P. Meyeri, which has a 
short head, a neck proportionally strong, with the fore-arm and 
metacarpal of equal length. The P. Kochi possesses an orbit pro- 
portionally small, with the bony circle composed of smooth plates ; 
the dentition extends far back, the neck is short in proportion to the 
body, the metacarpal and the fourth phalanx of the long finger are ° 
of equal length, and the fore-arm is longer than the tibia. All these 
characters, and some others, are found in the specimen described by 
Dr. Winkler; but although all the parts are smaller than the typical 
form, they are only relatively so, and hence it is considered to bea 
young individual of the P. Kochi, Wagner. 

In alluding to the small osseous piece which is seen in this speci- 
men at the carpal end of the bone of the right fore-arm, Dr. Winkler 
reiterates the opinion which he had previously expressed in his de- 
scription of P. micronyx, in the Archives, vol. i. fase. 1., 1870, that 
this piece is an ossified tendon, with which Prof. Quenstedt agrees, 
and not a bone (Spannknochen) for extending the membrane, as 
thought by some of the German paleontologists who have studied 
the structure of Pterodactyles. 

Another point of interest connected with this specimen is the 
alleged discovery by Dr. Winkler of undoubted traces on the stone 
of the membranous integument, the expansion of which was sup- 
ported by the greatly elongated ulnar finger of the fore-limb, indica- 
tions of which membrane had, however, been observed in a specimen 
of P. crassipes, described by Hermann von Meyer, which also forms 
a part of the Teyler Museum. 

Dr. Winkler further remarks that, from an examination of the 
cast of a specimen of Rhamphorhynchus, from Hichstitt, purchased 
for Yale College, Massachusetts, the original possessed not only 
the membranes entire, but also the tail terminated by a kind of 
membranous expansion. J. M. 


IV.—The Bengera Diamond Field. By A. Liversipex. 8vo. pp. 11. 
(Sydney, 1873.) 
N account of the discovery of diamonds in Australia is first given, 
and the nature of the Mudgee diamond-workings is pointed 
out. The diamonds occur in outliers of an old river-drift, which 
occurs at varying distances from the river, and at heights of 40 feet 
or so above it. These outliers are capped by beds of basalt, hard 
and compact, and in some cases columnar; the drift is chiefly made 
up of boulders and pebbles of quartz, jasper, agate, flinty-slate, 
shale, sandstone, with coarse sand and clay. The minerals associ- 
ated with the diamond are enumerated. No diamonds have been 
found in the river-bed except in places where the diggers have dis- 
charged the drift into the river when washing for gold. 

The Bengera district has many points of resemblance to that at 
Mudgee, the diamond-bearing deposits are situated in a kind of 
basin or closed valley, and running into the valley are various spurs 
of basalt which apparently cover portions of the drift. The relation 

DECADE IL.— VOL. IL—NO, XI. 36 


562 Reviews— Geological Survey of Canada. 


of the basalt to the drift has however not yet been proved in the 
Bengera district, but should the drift pass under it, the known 
diamond-bearing area will be greatly increased. Up to the present 
time all the diamonds have been found within a foot or so of the 
surface, in fact just at the grass roots. In no case have the work- 
ings been carried to greater depths than two or three feet; in some 
parts examined the drift itself is not thicker than that. Mr. Liver- 
sidge describes in detail the mineralogical nature of the drift, or 
‘“‘wash-drift,” as it is termed by the miners. The list of gems, 
stones, and other minerals accompanying the diamond includes the 
following:—Tourmaline, Zircon, Sapphire, Topaz, Garnet, Spinelle, 
Quartz, Brookite, Titaniferous iron, Magnetic iron-ore, Wood-tin, 
Gold, and Osmiridium. Ee Be We 
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T..—Gerorocican Survey or Canapa. Panmozoic Fossits. Vol. 
II. Part I. By EH. Bruunes, F.G.8. (Montreal: August, 1874.) 


A Nan part, consisting of 144 pages of descriptive text, with nume- 
rous woodcuts and ten lithographed plates, contains descriptions 
(1) of fossils from the Silurian and Devonian rocks of Gaspé, 
(2) of new species from the Primordial rocks of Newfoundland, (38) 
of the genus and Canadian species of Stricklandinia, (4) of fossils 
from the Upper Silurian rocks of Arisaig, Nova Scotia, and (5) notes 
on the structure of the Crinoidea, Cystidea, and Blastoidea. The 
first section is preceded by a short geological notice of the Gaspé 
series of rocks, which comprise 7000 feet of Gaspé sandstones, with 
interstratified arenaceous and calcareous shales with plant-remains, 
underlain by 2000 feet of the Gaspé limestones with intercalated 
shales, these limestones being classed in descending order as Devo- 
nian, Passage-beds, and Upper Silurian. The fossils are chiefly 
Brachiopods and Lammellibranchs, with some few Gasteropods, 
mostly all obtained from the Upper or Devonian beds. The Primor- 
dial rocks of Newfoundland are estimated to have a thickness of 
about 6000 feet ; the upper 500 feet, constituting Bell Island, hold a 
peculiar group of fossils, the exact age of which has not been deter- 
mined; they consist of Lingule, Cruziana, and Fucoids, referred to the 
genus Hophyton, which in Sweden has only been found below the 
Paradoxides-beds. Below the Bell Island beds there are about 2000 
feet of unfossiliferous strata, except Fucoids. These, with the Bell 
Island rocks, may represent the Middle and Upper Lingula-flags. 
They are immediately underlain by about 2000 feet of slates, sand- 
stones, and limestones, holding fossils which prove them to be of 
the age of the Lower Lingula-flags or Menevian group of Salter and 
Hicks (p.69). Fossils are abundant but imperfect, including Agrau- 
los, Paradoxides, Anopolenus, with other Trilobites, and Iphidea, a 
new genus of Brachiopods. 

Under the article on Stricklandinia the generic characters are con- 
sidered and compared with Pentamerus, and six species noticed, two 
of which, S. Salteri, S. melissa, are new and from the Anticosti or 
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Llandovery group. The fossils of the Arisaig rocks (Upper Silurian) 
inelude descriptions of twenty new species, referred to Orthonota, 
Goniophora, Grammysia, and a new genus Pteronitella, differing in 
the arrangement of the hinge-structure from Avicula and Pterinea. 

Many of the genera of the older Paleozoic bivalves require careful 
reconsideration, in order to establish more well-defined characters, 
and this Mr. Billings partly expresses as regards Orthonota, San- 
guinolites, and Goniophora, which seem to be closely related to each 
other, so that references to these genera must be regarded as merely 
provisional. 

The notes on the structure of the Crinoidea and allied families 
may be considered as the most important contribution to this volume, 
and although published in the American Journal of Science for 
1869-70, and in the Annals of Natural History, 1870-71, are repro- 
duced here as part of the Survey work. The subject is one to which 
Mr. Billings has given considerable attention, both in the Decades 
1, 3, 4, of Canadian Organic Remains, 1858-9, and other publications. 
Considerable difference of opinion has arisen among paleontologists 
who have studied the subject, as to the position of the oral, anal, and 
ambulacral apertures in the Paleozoic Crinoids, Mr. Billings retain- 
ing the opinions he expressed three years ago, and are embodied in the 
present article without alteration, which comprises the position of 
the mouth in relation to the ambulacral system, the structure of 
Codaster, Pentremites, and Nucleocrinus, on the theory that the 
ambulacral and ovarian orifices are the oral apertures, and other 
points bearing on the question, to which are added some corrections 
and additions. In this section, after alluding to Prof. J. Muller's 
observations on the structure of the existing Crinoid, Antedon 
Europeus, Mr. Billings sums up: | 

“Tt is said that the orifice, in the Cystidea and fossil Crinoids, which I believe 
to have been both oral and anal in function, is anatomically identical with the 
anus of existing Crinoids. If this be true, and if my theory is correct, it must 
follow that the Cystidea took in their food through the anus. The same pheno- 
menon has been observed in an immature Star-fish. In the earlier stages of growth 
of Asteracanthion berylinus, Prof. A. Agassiz finds that there is, at first, only a 
single opening in the digestive sac. This opening is both mouth and anus. After- 
wards a second opening is formed, which is the permanent mouth. The other 
opening thus becomes the anus. This Star-fish, therefore, in its embryonic stage 
takes in its nourishment through the anus. In this respect it is a Cystidean. I 
am informed the same arrangement occurs also in the Ophiurians and Echini. 
Granting, therefore, that the valvular orifice of the Cystidea is the anatomical 
homologue of the anal tube of a Pentacrinus, it does not follow it was exclusively 
anal in its function. I, however, do not admit it to be the homologue of the anus 
of Pentacrinus. JI believe it to be the mouth. Mr. Billings further states that in 
the Echinodermata the position of the various organs, in relation to each other, 
and also to the general mass of the body, is subject to very great fluctuations. 
Thus, the mouth and vent are separated in some of the groups, but united in others ; 
while either or both may open out to the surface directly upward, or downward, 
or at any lateral point. The ovaries may be either dorsal or ventral, internal or 
external, and associated with either the mouth, the anus, or with neither. The 
ambulacral skeleton may be imbedded into and form a portion of the general 
covering of the body, or lie upon the surface, or borne upon free moving arms. 

‘¢ Again, (I) the aperture which, in an embryonic Echinoderm, is both mouth 
and anus, may in the mature stage become the anus only, a new mouth being 
formed in another part of the body. (2) It may become the permanent mouth, 
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and a separate anus be formed in another part. (3) The mouth may be, at first, 
situated out of the centre of the ambulacral canal system, and afterwards removed 
to it. 

“¢T believe that the latter process took place in the development of the orders 
Cystidea and Crinoidea. In the first formed, or Palzeozoic species, the mouth was 
not central, but has become so in the existing types.” (pp. 91 and 127.) 

These notes are valuable to the student of Paleozoic Hchino- 
dermata as embodying his own views, and those of other authors. 
The reader may refer also to Von Buch ‘On the Cystidea,” trans- 
lated by Prof. Ansted in the Quart. Journ. Geol. Soc. vol. ii., and to 
Prof. Beyrich, “On the Pelvis of the Crinoidea brachiata,” translated 
by Mr. W. S. Dallas, and published in the Annals Nat. Hist. for 
June, 1871; also to the two valuable papers by Mr. John Rofe, 
©.E., F.G.8., in the Geonocrcan Magazinn, 1865, Vol. II. p. 12, 
and p. 245, Pl. VIIL, in which the structure of the Crinoidea and 
Blastoidea is very fully treated. 

J. M. 


Ti.—Tse Sus-WEALDEN EXPLORATION. 
(Seconp Nortcz.)} 


N a former occasion, when we gave an account of the Sub- 
Wealden Exploration, a depth of 671 feet had been reached. 
Since then, according to the Seventh Quarterly Report of Mr. 
Willett, dated June 28rd, 1874, a total depth of 1018 feet has been 
attained. 

The fossils for the last 50 feet indicate that the Oxford Clay has 
been reached, thereby fulfilling (so Mr. Willett observes) the 
drophecy of the late lamented Professor John Phillips, who stated 
many months before that ‘very likely no Oolites or Sandy Rocks 
may be met with till we touch the unknown Palzozoics.” 

The following geological report is given by Mr. W. Topley, F.G.S., 

Assoc. Inst. C.E., of the Geological Survey of England: 
_ “Tn the last Quarterly Report some particulars were given of the 
Kimmeridge Clay, as found in the Boring, down to the depth of 
656 feet. With some few alterations, to be noted immediately, the 
description there given applies to the clay which has been pierced 
since. . 

«A beautiful specimen of Ammonites Jason occurred at about 990 
feet. Neither this Ammonite nor any ornate form at all resembling 
it has yet been found in the Kimmeridge Clay. Such Ammonites, 
however, are amongst the most characteristic fossils of the Oxford 
Clay ; we are, therefore, justified in concluding that the boring is 
now in that formation. 

“ Although the Coral Rag and Calcareous Grit usually lie between 
the Kimmeridge and Oxford Clays, there are certain localities in 
which they are absent. This is the case on the north and north- 
west of Aylesbury; in Lincolnshire; and probably also through 
the Fen districts. A deep well was sunk many years back at Lynn, 
in Norfolk; there the Kimmeridge Clay was found in direct sequence 
with the Oxford Clay. 


1 For the First Notice, see Guot. Mac. June, 1874, p. 261. 
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‘From unavoidable causes, the lowest 200 feet of core have not 
yet been thoroughly examined. It is, therefore, possible that Oxford 
Clay fossils may hereafter be found at a higher level than that stated 
above. Very fine specimens of Thracia depressa occurred at 965 
feet; this shell ranges through the Portland and Kimmeridge strata, 
being especially characteristic of the latter; it also occurs (but more 
rarely) in the Oxford Clay. Gryphea virgula was found at 950 feet. 

“We cannot hope, in so small a section, to establish any definite 
paleontological line between the Oxford and Kimmeridge Clays; if, 
indeed, any such line exist in this area. But the boring, small as 
it is, is quite sufficient to prove that there is not the slightest litho- 
logical break between the two formations. 

“The clay throughout is more or less bituminous, some of the 
undoubted Oxford Clay being highly so. It is often sandy; some- 
times it contains so much lime as to be almost a cement-stone. As 
a rule, oysters are more abundant in the sandy portions than else- 
where ; the more calcareous parts are generally very bare of fossils.” 

The remainder of this notice is taken intact from Mr. Willett’s 
own report. 

‘Most of us have been amused by the story of the traveller, who, 
having fallen over a precipice in the dark, and who having grasped, 
providentially, the branches of some shrubs growing from its face, 
with almost superhuman effort clung on for dear life, till appearing 
daylight showed him that he was but a few inches above the terra 
jirma beneath his feet. 

“The Paleozoic ridge of rocks which we are seeking was probably 
a submerged reef in the muddy waters which deposited the thick 
beds of clay we are now traversing. We expect to come down 
suddenly upon it, and If MAY BE ONLY A FEW FEET BENEATH Us! It 
may, however, be some hundred feet. 

“Whatever be the distance, the chance of discovering its actual 
depth seems to be Now or Never. 

“So vividly does this impress the minds of those who are most 
competent to judge, viz. Prof. Ramsay, Director-General of the 
Geological Survey of the United Kingdom; John Evans, Hsq., 
F.R.S8., the President of the Geological Society ; Joseph Prestwich, 
Hsq., F.R.S., past President of the Geological Society, and R. Godwin- 
Austen, Hsq., F.R.S., V.P.G.S. (to which may be added the testimony 
of the late Professor John Phillips), that a new appeal for pecuniary 
aid has been prepared by them for circulation. It is manifestly 
unjust (even if it were practicable) that the small minority (in this 
intelligent and wealthy country) who have so liberally and at such 
sacrifices hitherto provided the means, should be further burdened, 
while there are, doubtless, ample sources of supply, hitherto un- 
touched, which only need application to insure all that is necessary 
to complete our undertaking. 

“Tt must not be forgotten, also, that this is an experiment specially 
recommended by a Parliamentary Committee (Coal Commission), 
and that we have also obtained the approbation of the President of 
the Royal Society, of the President of the Geological Society, and of 
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the President of the Institute of Civil Engineers. If we were 
directly seeking for coal, the question would evidently be one for 
the adjoining landowners. If it were simply an ordinary scientific 
experiment, it might be left to those specially interested in the 
subject ; but our object is to obtain information which, while it must 
certainly increase our scientific knowledge, may confer an incalcu- 
lable benefit on large areas in which mineral wealth is at present an 
unknown quantity. None of our supporters have subscribed with 
the idea or intention of any personal gain whatever; and it is to 
minds thus constituted,—who will give ‘hoping for nothing again,’ 
—that we must look for help to finish our work. 

“The Diamond Company have consented ‘at less than half their 
published tariff’? to endeavour to bore 200 feet more at £2 a foot, 
solely on the ground that it is a scientific, and not a commercial, 
undertaking. And, by the aid of their superior machinery and 
appliances, we have now a better prospect of boring 2,000 feet than 
we had of boring 1,000 under the old system.” 


UI.—Transactions oF THE Gzozocican Society of Guascow. 
Vol. IV. Part 3. 1874. 

ee part contains brief notices of the proceedings of the Society 

for the year 1872-3, with an account of the Conversazione 
held in December, 1872, at which a fine collection of geological 
specimens were exhibited by different members; abstracts of three 
papers, including the President’s Address for 1874; and nine papers 
printed in full, most of which bear upon some interesting points of the 
geology and paleontology of the west of Scotland. Of the non-local 
papers, Mr. J. Geikie contributes a “Note on the Occurrence of 
Krratics at Higher Levels than the Rock Masses from which they 
have been derived,” and considers an explanation of this curious 
problem may be eventually found in certain phenomena which have 
been observed in Alpine glaciers, such as stated by the late Prof. J. 
Forbes, “the tendency of glaciers to reject impurities, and the 
undoubted fact that stones are always found near or upon the 
surface of the ice.” “It is enough to know,” says Mr. Geikie, 
“that stones introduced into the body of a glacier, whether from 
above or below, tend to rise upwards in the ice, as the glacier flows 
on its way. Let us suppose a mountainous country. such as Scot- 
land, covered with a wide ice-sheet, or series of confluent glaciers, 
and endeavour in imagination to follow the course of some hypo- 
thetical boulder which has been introduced by friction into the ice 
at the bottom of some valley in the interior of the country. As the 
ice creeps outwards, the stone gradually rises, the path which it 
follows sloping at a less angle than the bed over which the ice 
flows. Did no obstruction intervene, it is evident that the boulder, 
while it rose through the body of the ice, would be at the same time 
travelling gradually to lower levels than the point from which it 
originally set out. . . . But then we know that countless obstacles 
intervened to impede the flow of the massive ice-sheets of the Glacial 
epoch ; and with every such obstruction the glacier masses must 


Reviews—Geological Society of Glasgow. 567 


have been forced to bulge upwards by the intense vis a tergo; and 
such upward movement of the ice, being again and again repeated, 
imprisoned boulders and débris would be compelled just as often to 
rise to higher and higher levels.” 

In the note by Mr. D. Robertson, ‘On the Precipitation of Clay 
in Fresh and Salt Water,” it is shown there is a great difference 
between the two—fresh-water holding the clay in suspension for a 
considerable time ; while water only slightly brackish has the power 
of precipitating it much more rapidly. ‘‘ Keeping in view the large 
quantities of earthy matter annually carried down by rivers, a large 
proportion of which is precipitated as soon as it comes in contact with 
the water of the sea, we can easily understand how the courses of 
rivers, within the influence of the tide, diverge into various branches 
by the precipitated mud silting up the river-bed at one place, and 
the obstructed water forming a new channel at another; and hence 
throwing a new light on the formation of deltas at the mouths of 
rivers.” 'The paper, “On the Geology of the North-Eastern District 
of Yorkshire,” by Mr. T. M. Barr, is not, as the author justly states, 
anything like a systematic or exhaustive study of its geology, and is 
therefore only a general account of this valuable iron-ore bearing 
district. The ‘‘top seam,” alluded to at page 298, does not belong 
to the top of the Upper Lias series, but belongs to the “‘ Dogger” or 
Inferior Oolite, which is situated between the Upper Lias and the 
Great Sandrock above. This seam has been worked at Grosmont, 
and formerly in Glazedale. But it is in Rosedale, in the very 
centre of the great moorland district, that the Dogger and its as- 
sociated beds have yielded the greatest results to mining enterprise. 
The celebrated Rosedale magnetic ore occurs as an enormous boss or 
local swelling in the Sandrock below the Dogger, about 600 yards 
long, by 150 feet wide, and 80 feet high. There is nothing like 
it in all this district, and it may fairly be described as the richest ore 
in North Yorkshire, a perfect nugget of iron-stone on a bare hill- 
side, 700 feet above the sea. 

Of the district papers, Messrs. Robertson and Crosskey continue 
their descriptions of the Post-Tertiary beds of the West of Scotland, 
which, when completed, will be of great vaiue, for Mr. Robertson’s 
intimate acquaintance with the estuarine and marine fauna of the 
Clyde, and his extensive collections (personally acquired) of recent 
British species, and those from the Post-Tertiary deposits, not only 
around the Clyde, but from Sweden, Norway, etc., will enable the 
authors to infer more clearly the conditions under which these strata 
were deposited. 

Mr. J. Young contributes three papers: 1. “On the Probable Source 
of Certain Boulders in the Till of the Glasgow District,” in which the 
origin of the Limestone blocks is chiefly treated. We trust this 
author will fully describe the fine section recently exposed at the 
extensive excavations for the Stobcross Docks, with its numerous 
and varied boulders, which could only have been brought together 
here from a wide extent of country lying in several different directions. 


1 The Yorkshire Oolites. By,W. H. Huddlestone, F.G.S. Proc. Geol. Asso., 
1874, vol. ili. p. 306. 
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2. “On the Occurrence of Saccamnina Carteri, Brady, in the Lanark- 
shire Coal-field.” This Carboniferous foraminifera, previously found 
in the Limestones of the N. of England and E. of Scotland, is interest- 
ing as being closely allied to a living species, S. spherica, which ap- 
pears to be common at great depths in the Atlantic. 38. In conjunction 
with Mr. J. Armstrong, a paper, ‘‘On the Fossils of the Carboniferous 
Strata of the West of Scotland.”! This is the first of a series of 
papers (No. 1, Robroystone), which the authors intend to prepare, of 
the fossils found in each particular group of strata in the various 
localities where they occur, so as to compare them, and thus arrive 
at “‘a correct notion of the alternate change of condition under 
which the flora and fauna of the Carboniferous period existed.” 

More than 180 species are enumerated, chiefly Invertebrata, some 
of them new, and mostly obtained from a shale-bed associated with 
the Robroystone or Upper Limestone series. The Carboniferous 
shales of the West of Scotland appear to be very fossiliferous, which 
may be due to the abundance of life during their deposition, or to 
the greater facility with which the fossils weather out than in the 
associated harder limestones. We have been shown by Mr. Robert 
Craig, of Langside, a bed of shale about three feet thick, in his 
quarry, belonging to the Lower Limestone series, in which he has 
found 50 per cent. of the known fossils of the Beith district of 
Ayrshire. 

In the last paper “On the Glaciation of the West of Scotland,” Mr. 
D. Bell shows that the diverging striz and trains of boulders in the 
neighbourhood of the Firth of Clyde must have been produced by 
a great sheet of land-ice, extending from the higher grounds, and 
entirely filling up the present estuary of the Clyde; while the 
branching Lochs, as Holy Loch, Loch Long, and Gare Loch, which 
form so striking a feature of the west coast, are simply old glacier 
channels, down which in various directions this great outflow of ice 
found its way from the frozen and snow-clad interior of the country ; 
and he cites as evidence the numerous blocks of schistose, gneissose, 
and granitic rocks found along the eastern shore and to some height 
on the hill-sides above, in the vicinity of Greenock and Gourock, 
directly opposite the opening of the ‘ Lochs’ above referred to. 

We have noticed, in a recent visit to Gourock, the number of very 
large and small boulders of the rocks above mentioned along shore 
(as alluded to by Mr. Bell), from Kempoch Point to below the Cloch 
Light House, in a district consisting either of Old Red or Lower 
Carboniferous Sandstones and conglomerates, with intercalated and 
intrusive porphyry and trap rocks,—a district well worthy of careful 
examination for its interesting geological structure. Mr. Bell further 
states, that while the general glaciation of the Clyde valley is from 
W. to H. (or N.W. to 8.H.), there have lately been observed instances 
of cross-striation, especially at Possil, where the N.W. striz were 
considered to be the older, and the N.H. the newer of the two sets. 
This cross-striation is one of considerable interest to students of this 
department of geology. J. M. 


1 See the excellent general catalogue, by the same authors. Trans. Geol. Soc. of 
Glasgow, vol. iii. Supplement. 1871. 
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GroLocioaL Soctrry or Lonpon. — November 4, 1874. — John 
Hvans, Esq., F.R.S., President, in the Chair.—The following com- 
munication was read :— 

“Notes on the Comparative Microscopic Rock-structure of some 
Ancient and Modern Volcanic Rocks.” By J. Clifton Ward, Esq., 
I.G.S. 

The author stated at the outset that his object was to compare the 
microscopic rock-structure of several groups of volcanic rocks, and 
in so doing to gain light, if possible, upon the original structure of 
some of the oldest members of that series. The first part of the 
paper comprised an abstract of what had been previously done in 
this subject. 

The second part gave details of the microscopic structure of some 
few modern lavas, such as the Solfatara Trachyte, the Vesuvian 
lava-flows of 1631 and 1794, and a lava of the Alban Mount, near 
Rome. In the trachyte of the Solfatara, acicular crystals of felspar 
show a well-marked flow around the larger and first-formed crystals. 
In the Vesuvian and Albanian lavas leucite seems, in part at any 
rate, to take the place of the felspar of other lavas; and the 
majority of the leucite crystals seem to be somewhat imperfectly 
formed, as is the case with the small felspar prisms of the Solfatara 
rock. The order of crystallization of the component minerals was 
shown to be the following :—magnetite, felspar in large or small 
distinct crystals, augite, felspathic or leucitic solvent. Some of the 
first-formed crystals were broken and rendered imperfect before the 
viscid state of igneous fusion ceased. Even in such modern lava- 
flows as that of the Solfatara, considerable changes had taken place 
by alteration and the replacement of one mineral by another, and 
this very generally in successive layers corresponding to the crystal 
outlines. The frequent circular arrangement of the glass- and stone- 
cavities near the circumference of the minute leucite crystals in the 
lava of 1681 was thought to point to the fact that after the other 
minerals had separated from the leucitie solvent, the latter began to 
crystallize at numerous adjacent points; and as these points ap- 
proached one another, solidification proceeded more rapidly, and 
these cavities were more generally imprisoned than at the earlier 
stages of crystallization. In the example of the lava of 1794, where 
the leucite crystals were further apart, this peculiar arrangement of 
cavities was almost unknown. 

The third part of the paper dealt with the lavas and ashes of 
North Wales ; and the author thought that the following points were 
established :— 

1. Specimens of lava from the Arans, the Arenigs, and Snowdon 
and its neighbourhood, all have the same microscopic structure. 
2. This structure presents a hazy or milky-looking base, with scat- 
tered particles of a light-green dichroic mineral (chlorite), and 
generally some porphyritically imbedded felspar crystals or frag- 
ments of such, both orthoclase and plagioclase. In polarized light, 
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on crossing the Nicols, the base breaks up into an irregular, coloured 
breccia, the colours changing to their complementaries on rotating 
either of the prisms. 3. Finely bedded ash, when highly altered, is 
in some cases undistinguishable in microscopic structure from un- 
doubted felstone. 4. Ash of a coarser nature, when highly altered, 
is also very frequently not to be distinguished from felstone, though 
now and then the outlines of some of the fragments will reveal its 
true nature. 5. The fragments which make up the coarser ash-rocks 
seem generally to consist of felstone, containing both orthoclase and 
plagioclase crystals or fragments; but occasionally there occur pieces 
of a more crystalline nature, with minute acicular prisms and plagio- 
ciase felspar. 6. In many cases the only tests that can be applied 
to distinguish between highly-altered ash-rock and a felstone are 
the presence of a!bedded or fragmentary appearance on weathered 
surfaces, and the gradual passage into less altered and unmistak- 
able ash. 

In the fourth division of his paper the author described some of 
the lavas and ashes of Cumberland of Lower Silurian age. 

With regard to these ancient lavas the following was given as a 
general definition:—The rock is generally of some shade of blue 
or dark-green, generally weathering white round the edges, but 
to a very slight depth. It frequently assumes a tabular structure, 
the tabule being often curved, and breaks with a sharp conchoidal 
and flinty fracture. Silica 59-61 per cent. Matrix generally crys- 
talline, containing crystals of labradorite or oligoclase, and ortho- 
clase, porphyritically imbedded, round which the small crystalline 
needles seem frequently to have flowed; magnetite generally 
abundant, and augite tolerably so, though usually changed into a 
soft dark-green mineral; apatite and perhaps olivine as occasional 
constituents. Occasionally the crystalline base is partly obscured 
and a felsitic structure takes its place. 

The Cumberland lavas were shown to resemble the Solfatara grey- 
stone in the frequent flow of the crystalline base, and the modern 
lavas generally in the order in which the various minerals crystallized 
out. In external structure they have, for the most part, much more 
of a felsitic than a basaltic appearance. In internal structure they 
have considerable analogies with the basalts. In chemical compo- 
sition they are neither true basalts nor true felstones. In petrolo- 
gical structure they have much the general character of the modern 
Vesuvian lavas; the separate flows being usually of no great thick- 
ness, being slaggy, vesicular, or brecciated at top and bottom, and 
having often a considerable range, as if they had flowed in some 
cases for several miles from their point of eruption. ‘Their general 
microscopic appearance is also very different from that of such old 
basalts as those of South Stafford and some of those of Carboniferous 
age in Scotland. 

On the whole, while believing that in some cases the lavas in 
question were true basalts, the author was inclined to regard most 
of them as occupying an intermediate place between felsitic 
and doleritic lavas; and as the felstone-lavas were once probably 
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trachytes, these old Cumbrian rocks might perhaps be called Felsi- 
dolerites, answering in position to the modern Trachy-dolerites. 

A detailed examination of Cumbrian ash-rocks had convinced the 
author that in many cases most intense metamorphism had taken 
place, that the finer ashy material had been partially melted down, 
and a kind of streaky flow caused around the larger fragments. 
There was every transition from an ash-rock in which a bedded or 
fragmentary structure was clearly visible, to an exceedingly close 
and flinty felstone-like rock, undistinguishable in hand specimens 
from a true contemporaneous trap. Such altered rocks were, how- 
ever, quite distinct in microscopic structure from the undoubted 
lava-flows of the same district, and often distinct also from the 
Welsh felstones, although some were almost identical microscopically 
with the highly-altered ashes of Wales, and together with them 
resembled the felstone-lavas of the same country. 

This metamorphism among the Cumbrian rocks increases in 
amount as the great granitic centres are approached ; and it was 
believed by the author that it took place mainly at the commence- 
ment of the Old Red period, when the rocks in question must have 
been buried many thousands of feet deep beneath the Upper Silurian 
strata, and when probably the Hskdale granite was formed, perhaps 
partly by the extreme metamorphism of the volcanic series during 
upheaval and contortion. The author stated his belief that the 
Cumbrian volcanos were mainly subaerial, since some 12,000 feet 
of ash- and lava-beds had been accumulated without any admixture 
of ordinary sedimentary material, except quite at the base, con- 
taining scarcely any conglomeratic beds, and destitute of fossils. He 
believed also that one of the chief volcanic centres of the district had 
been the present site of Keswick, the low craggy hill called Castle 
Head representing the denuded stump or plug of an old volcano. 

The author believed that one other truth of no slight importance 
might be gathered from these investigations, viz. that neither the 
careful inspection of hand-specimens, nor the microscopic examin- 
ation of thin slices, would in all cases enable truthful results to be 
arrived at, in discriminating between trap and altered ash-rocks ; 
but these methods and that of chemical analysis must be accom- 
panied by oftentimes a laborious and detailed survey of the rocks in 
the epen country, the various beds being traced out one by one and 
their weathered surfaces particularly noticed. 

Discussion.—Mr. Frank Rutley stated that he had examined many of the 
microscopic sections upon which much of the author’s evidence was based, and he 
believed that Mr. Ward was, in the main, correct in his conclusion that many of 
the rocks designated trap were intermediate between dolerite and felstone, for 
sections from one end of the series presented the character of tite basalt, while 
others from the opposite end appeared under the microscope to be true felstone ; 
a variety of sections having also been cursorily examined which passed by almost 
imperceptible gradations from the dolerites to the felstones. He considered that 
Mr. Ward had done as much in the determination of these rocks as it was possible 
to do by the examination of merely ready-mounted sections ; although, from this 
method of investigation having been the only one at the author’s disposal while 
working in the field, he thought that the evidence regarding some of the com- 
ponent minerals was scarcely satisfactory ; and he adverted to the importance of 
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examining sections of rocks by other tests than that of mere microscopic scrutiny 
prior to the final mounting of the preparations. He was inclined to regard some 
of the ashes, of which sections were exhibited, as volcanic ejectamenta, imbedded 
_ in a base much resembling devitrified, or partially devitrified matter allied to 
pitchstone ; and he could not agree with the author in regarding the fluxed 
character of this base as a structure superinduced by metamorphism, at all events 
not in the restricted sense of that term. 

Mr. Koch thought that the flow of materials around crystals may be due to 
secondary actions. ‘The effects of tension applied to molten matter may produce 
appearances similar to those described by the author. The study of the optical 
properties of crystals produced under tension would, he considered, materially 
assist in the determination of the nature of the crystals in rock-masses. He 
regarded chemical analysis as not furnishing a sufficient test. 

Mr. Forbes remarked that too much stress should not be laid upon the apparent 
order in which the constituents in a lava had crystallized or solidified, as it had 
been experimentally proved that this order was not necessarily that of their fusing- 
points, and, cited as an example to be seen every day on the large scale, the 
Pattinson’s process for desilverizing lead, in which the lead is seen to solidify in 
crystals at a temperature at which the infinitely less fusible silver remains fluid. 
As a rule he had not found any difficulty in distinguishing under the microscope 
between a normal lava and one which had become reconsolidated from its ash or 
tuff, and protested against the very frequent application of the term Volcanic Ash 
to beds which were true volcanic tuffs. In answer to the question as to what was 
the difference between ashes and tuffs, he defined ashes as purely subaerial forma- 
tions, thrown out of the volcanic orifice, and falling down on to land or sea as the 
case happened ; whilst tuffs, on the contrary, were molten lava poured out into or 
more often under water, and thus instantaneously quenched. and disintegrated into 
fragments or powder more or less fine in proportion as the action of the water was 
overpowering. In ashes each separate particle bore on its exterior the evidence of 
its having been exposed to the action of fire in the throat of the volcano, and ex- 
ternally is altered, glazed, or coated with a crust or skin, often resembling that of 
a meteorite, an appearance which is never to be observed in tuffs. 

Prof. Ramsay said that he thought Mr. Ward was on the right track, and that 
the microscopic study of rocks must lead to most valuable results. He rejoiced to 
find that the determination of the nature of the rocks of the Welsh district, made 
by the Geological Survey some thirty years ago, was now confirmed by micro- 
scopical research. This seemed to show that the larger features of a district might 
be worked out without the aid of a microscope. He stated that his conclusion 
was that the ashes had been thrown out of old Silurian volcanos, first beneath 
the surface of the sea, and afterwards above water as the vents increased in height. 
The green-slates were fine ashes thrown out upon land. 

Mr. Bonney stated that he had recently examined the ‘‘Green Slates and 
Porphyries.” series, and wished to bear testimony to the value of Mr. Ward’s 
researches, and the great difficulty of determining some of the metamorphosed 
rocks. There was, however, no doubt that the latter, notwithstanding the extent 
to which, through metamorphism, they simulated the appearance of igneous rocks, 
were originally stratified volcanic ashes or tuffs. He had not yet been able to 
examine his own specimens microscopically, but so far as he could determine 
without that, he should class some as diabase, others as ‘‘porphyrite.” He called 
attention to the remarkable lithological correspondence between the ‘‘ Green 
Slate” series of the Lake District and the so-called Cambrian of Charnwood 
Forest, the volcanic breccias, ashes or tuffs, and hornstones of both being often 
very similar. It was remarkable that the strike of these ‘‘Green Slates,” when 
last seen to the S.E., was about W.N.W., which corresponded nearly with the 
Charnwood strike. Hence he thought it possible that they might be of the same age. 

Mr. Judd remarked that the circumstances connected with the mode of occur- 
rence of certain very important rock-constituents, such as leucite, haiiyne, nosean, 
mellilite, etc., seemed to point to the conclusion that species of minerals may 
present peculiarities of distribution, both in space and time, analogous to those of 
animal and vegetable species. He suggested the necessity of constantly keeping 
in view such a possibility when making comparisons between ancient and modern 
volcanic rocks. 
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Mr. Blanford inquired whether the ancient traps are not distinct in their origin 
from true lavas. In India large districts are formed of volcanic rocks much more 
recent than those of Wales, and probably of different composition. These Indian 
flows are of great horizontal extent, but of small thickness. 

Mr. Forbes stated that the Indian rocks in question, which he had examined, 
were not distinct from our basalts in composition and structure, which showed that 
they were not poured out under water. 

Mr. Ward replied as follows :—To Mr. Rutley ; that the flow described as 
occurring in some of the altered ash-rocks was ota decided crystalline flow, but 
one merely of the finer ashy material around the larger fragments, and frequently 
along the bedding planes. To Mr. Forbes and Mr. Koch; that the analyses 
brought forward had been made from specimens carefully collected in the field, 
and might be considered as representing the average chemical composition ; the 
author used the word asf as denoting all material shot out from a volcano ; in this 
case the ashes were mostly subaerial. To Mr. Bonney ; that although the analyses 
of the Cumberland lavas were very similar to those of porphyrites, the microscopic 
structure of the latter, as described by Zirkel, did not at all correspond with that 
of the Lake-district rocks. Yo Mr. Blanford ; that the Cumberland contempo- 
raneous traps were as much entitled to the name of lavas as any modern 
Vesuvian flow. 


CORRESPONDENCE. 


—$—<—$>—_<$—_—_— 


GLACIATION IN WEST SOMERSET. 


Srr,—A few days ago, while waiting for a train at Taunton station, 
I took the opportunity of examining some of the specimens of 
glaciated sandstone, described by Mr. Lucy, in the GroLtoercaL 
Magazine for June, page 256, and which he has deposited in the 
Museum of the Somersetshire Archeological Society. The appear- 
ances presented by them are certainly unlike any form of striation 
save that attributed to glacial action. My reason, however, for 
writing this is merely to note what Mr. Lucy has omitted to explain, 
and that is, that the rock striated is not the New Red Sandstone, 
which does occur near Porlock, but the so-called Devonian sandstone, 
and which is, as the late Mr. Jukes considered, identical with true 


Old Red Sandstone. Horacrt B. Woopwarp. 
Newton Axpzort, 2nd Oct., 1874. 


EXISTENCE OF CARBONIFEROUS ROCKS IN THE HIGHLANDS 
OF SCOTLAND. 

Srr,—It will probably interest many of the readers of the @ro- 
LoGIcAL Macazine, to be informed that rocks of Carboniferous age 
exist in the northern side of the great Grampian axis of the High- 
lands. While engaged in prosecuting my studies among the Secondary 
Rocks of Scotland, during the past summer, I found, in the district 
of Morven, a very interesting patch of strata of sandstone, shale, and 
coal, yielding the remains of a number of common Carboniferous 
plants. The true character of these plant-remains was confirmed by 
an examination of some of the specimens, which Sir Charles Bunbury 
was so kind as to make. 

Although this patch of rocks, occurring in so unexpected a locality, 
is of very small extent, yet it is of very great interest to geologists, 
for the following reasons. 

First.—It supplies evidence of the former existence of Carbon- 
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iferous strata far beyond what had hitherto been regarded as their 
northern limits in these islands. 

Second.—It affords a new and very striking illustration of the 
enormous denudation which must have preceded the outpouring of 
the Tertiary lavas of Scotland, and of the remarkable series of 
accidents to which the preservation of many vestiges of the geological 
formations in the Highlands are due. 

Third.—It gives the geologist a base to the grand series of Poika- 
litic (Permian and Triassic) rocks in the Highlands. 

Fourth.—It affords us, moreover, another link towards the com- 
pletion of the ‘Geological Record’ in the Highlands; which now 
embraces representatives of all the great geological formations except 
the Upper Silurian. 

I must of course postpone the description of these interesting beds, 
and of their wonderful relations to the surrounding rocks, together 
with the discussion of ,the considerations which their occurrence 
suggests to the geologist, till the publication of the third part of my 
memoir, ‘On the Secondary Rocks of Scotland.” 

Joun W. Jupp. 


ASAR. 


Srr,—Will you allow me, a foreign hammerer, to advance in your 
Magazine a theory on the above-named subject. 

Sweden (and all Scandinavia) was once covered by a sliding ice- 
sheet, moving towards a lower level. In our days we have no such 
thing; the ice-sheet disappeared by being melted away; indeed, 
some of it may have been carried off and floated away by a rise 
in the level of the sea, but not all, for this might require a rising of 
the sea equal to 5%, the thickness of the ice (1000—7000 feet ?) + the 
elevation of the ground, or a rising of several thousand feet. I refer 
to the last sheet of land-ice, but I do not deny an earlier melting 
and the existence of icebergs, floating-ice, etc., nor do I deny a sub- 
mergence of the land. 

This ice-sheet disappeared, I venture to suppose, by melting away. 
Nor is such general melting of glaciers any strange thing, for we 
may find it so in the Alps, in Greenland, etc.; only, of course, the 
increase is usually equal to the decrease of the ice. 

The melting probably always goes on at the bottom of a glacier 
—that at the surface mostly during summer-time. 

At the bottom of a large and vast ice-sheet or mer-de-glace, such 
as that supposed to have covered Sweden, the melting will hardly be 
uniform all over, but may be heightened, where the ice passes de- 
pressions in the ground and valleys, especially those with running 
waters; along such places, the ice being greatly reduced in mass, 
there may be a flowing towards it from one or both sides of the 
ice-sheet, to compensate this loss and want of stability; probably 
here much detritus was accumulated, either at the bottom, or in the 
ice, or upon its surface; and this surface may have had depressions, 
sometimes with running waters and even lakes, and in these depres- 
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sions deposits may have been formed, resting upon the surface of the 
ice or else upon the ground itself, and in lakes dammed up by 
the ice; and currents, rapids, falls of water in and through the 
ice may tear the sand-and-gravel drift and till. 

But the ice-sheet is constantly moving on towards a lower level ; 
the accumulations or deposits on and in the ice must go along with it 
downwards and forwards to its termination to be finally heaped up 
as ridges, Asar, along the course the whole has taken, down to the 
disappearance of the ice. Some of the asar may have been formed 
in this way, and while the ice was retreating from a lower level or 
was melting away; but undoubtedly others were deposited in a 
different manner, for instance, as banks heaped up by the sea along 
ancient coast-lines. (See A. Erdmann, Bidrag till kinnedom om 
Sveriges quartira bildningar, Stockholm, 1868, and Atlas, pp. 84-131; 
see also J. Geikie, The Great Ice Age, London, 1874, pp. 385-397.) 

I cannot feel certain that the theory here advanced is a new one. 
So many geologists having studied these phenomena, many different 
interpretations of the subject are sure to have been made; but if my 
recollection serve me well, this may be a new one. But I would not 
omit to refer here to the theories of C. W. Paijkull, of Mr. A. B. 
Tormebohm, and of H. v. Post, as well as that of Mr. A. Stoppani, 
Corso di Geologia, 1873, ii. 1195: ‘Gli antichi ghiacciai si gettarono 
attraverso i confluenti, arrestandone le acque, etc.” 


RoénNE oN Bornuoum, DENMARK, M. JESPERSEN. 
October 25, 1874. 


WATER SUPPLY AND “DIVINING RODS.” 


Srr,—My friend Dr. 8. Palmer, F.S.A., of Newbury, informs me 
that in sinking a well in “ Bussock Camp,” at the north end of 
Snelsmore Common, on an outlier of Tertiary beds, about three miles 
north of Newbury, Berks, the diggers came upon a bed of fossil 
Oyster Shells at a depth of forty feet. This fact establishes the 
existence of the Ostrea band in the bottom bed of the Woolwich and 
Reading series further in that particular direction than previously 
known. 

The search for water proved fruitless at that depth, and the well 
has been filled in. The “divining rod” had been here used by an 
“expert,” who had the reputation of having been most successful at 
Sandleford, near Newbury! And this fact seems to prove a more 
southern and easterly extension of the ignorance of water-seekers 
than previously noticed in the remarks on this semi-superstitious and 
wholly ignorant procedure, either in the “ Proceedings of the 
Bristol Naturalists’ Society,” new series, vol. i. p. 60, etc., or the 
GxrotocicaL Macazinz, Vol. IX. p. 528. The case of the erratic 
“dowser,” met with by Mr. J. E. Taylor, on the London Clay in 
Essex (ibid. p. 576), certainly proves a still further extension of 
these conceits and impositions. Let us hope, however, that such 
easterly instances are evanescent outliers or ultimate attenuations of 
the old senseless practice. T. Rupert Jonus. 

Yorxtown, Nov. 9, 1874. 
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WHY ARE THE LARGEST STONES FOUND AT THE EAST END 
OF THE CHESIL BANK? 

Srr,—At the risk of being charged with repetition, may I ask for 
space to cry Io Triumphe! that both your correspondents on 
this subject in June last call in the stroke of the wave, instead 
of requiring a “tidal current” to lift pebbles 42 feet above 
its own level. This is a charming change in theory. Those who 
wish practically to study the question have no need to go to Port- 
land. ‘They have only to observe the beach between any two groins. 
They will there always find the largest pebbles heaped at the lee- 
ward end. The reason is that when motion is given to pebbles, the 
largest are always on the outside. Shake the sugar-basin: the small 
sugar descends, the large lumps rise. The large outside pebbles 
then are always most exposed to the upward and onward stroke of 
the wave as it travels down the wind. As Portland runs out to sea 
nearly at right angles to the line of coast, it is a gigantic “natural 
groin.” Asa civil engineer, Mr. Reade must be well aware of the 
resistless force of the impact given to the wave by the wind. The 
largest blocks which man can handle with the most powerful 
machinery, laid so as to avoid the force of the wave by the most 
skilful engineers, in sea-walls, piers, and breakwaters, how often 
are they delivered protervis in mane Creticum portare ventis. Would 
that I could persuade him to read chap. viii. of Rain and Rivers, on 
the “Travelling of Sea Beach,” where these things are discussed at 
length, and to believe that storms of wind are always washing out 
pebbles into the clays, and forming “ Boulder-clay.” Also, that all 
travelled drift and boulders are simply the result of sea-shore tra- 
velling. In fact, that the collection on Moel Tryfaen is a “raised 
beach,” and has not flowed up there on ice. 


Brooxwoop Park, ALRESFoRD. GroRGE GREENWOOD, Colonel. 


BEHAVIOUR OF GLACIERS AND ICE-SHEETS. 


Srr,—In his paper “On Drift,’ in your last Number (p. 503), Mr. 
Goodchild speaks of the separate and independent movement of the 
upper and lower strata of ice in an ice-sheet as if it were an old-established 
fact, “long since stated by Prof. Ramsay,” indeed “that it was quite 
possible that some of the higher parts may have moved in directions 
directly opposite to the course taken by those at a lower level.” Whilst 
ready to concede the fact, that when the lower part of a stream of ice 
becomes impeded in its downward course, the upper part of the pent-up 
ice-stream will rise over and flow on beyond the obstruction, I fail to 
understand the upper strata flowing in the reverse direction. Will Mr. 
Goodchild make this clearer and refer us to Ramsay’s observation ? 


J. Frost. 
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